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INTRODUCTION 

PURPOSE AND SCOPE 

F o r  s e v e r a l  y e a r s  r e s i d e n t s  o f  t h e  T y h e e  a r e a  h a v e  
r e p o r t e d  e n c o u n t e r i n g  w a r m  t o  h o t  waters i n  c e r t a i n  s h a l l o w  
w e l l s  d r i l l e d  f o r  home a n d / o r  i r r i g a t i o n  p u r p o s e s .  B a s e d  o n  
t h e s e  r e p o r t s  a n d  r e g i o n a l  e v a l u a t i o n s  o f  t h e  g e o t h e r m a l  
p o t e n t i a l  o f  s o u t h e r n  I d a h o ,  t h e  D e p a r t m e n t  o f  Water 
R e s o u r c e s  r e c o g n i z e d  t h e  n e e d  f o r  f u r t h e r  e v a l u a t i o n  o f  t h e  
T y h e e  a r e a  as  a p o s s i b l e  g e o t h e r m a l  s i t e ,  p a r t i c u l a r l y  its 
p o t e n t i a l  f o r  home h e a t i n g  p u r p o s e s ,  s i n c e  t h e  a r e a  l i e s  i n  
c l o s e  p r o x i m i t y  t o  a  m o d e r a t e - s i z e d  u r b a n  communi ty .  

The area u n d e r  s t u d y  i n c l u d e d  a p p r o x i m a t e l y  7 2  sq km ( 2 8  
sq m i )  o f  t h e  Tyhee  p o r t i o n  o f  Bannock C o u n t y ,  a n  a r e a  
m a r g i n a l  t o  t h e  S n a k e  R i v e r  P l a i n  i m m e d i a t e l y  n o r t h w e s t  o f  
P o c a t e l l o ,  I d a h o .  See f i g u r e  1 f o r  l o c a t i o n .  B o t h  g r a v i t y  
maps ,  w i t h  p r o f i l e s ,  a n d  m a g n e t i c  maps o f  t h i s  area h a v e  
b e e n  p r e p a r e d .  T h i s  report  attempts to  i n t e r p r e t  t h i s  
g e o p h y s i c a l  d a t a  i n  terms o f  s u r f a c e  a n d  s u b s u r f a c e  g e o l o g -  
i c a l  c o n d i t i o n s .  

B o t h  t h e  g r a v i t y  a n d  m a g n e t i c  s t u d i e s  r e p o r t e d  h e r e  were 
i n i t i a t e d  p r i m a r i l y  to a s s i s t  i n  p r o p e r l y  l o c a t i n g  a 
p o s s i b l e  g e o t h e r m a l  e x p l o r a t i o n  h o l e .  I t  was a n t i c i p a t e d  
t h a t  t h e s e  s u r v e y s  would  s u p p l e m e n t  o t h e r  s t u d i e s  a n d  pro- 
v i d e  b a d l y  n e e d e d  s u b s u r f a c e  g e o l o g i c  i n f o r m a t i o n  e s s e n t i a l  
t o  t h e  d e t e r m i n a t i o n  o f  a p r o b a b l e  s o u r c e  o f  r e p o r t e d  h o t  
waters. The t y p e  a n d  l o c a t i o n  o f  major f a u l t i n g  i n  t h e  
a r e a ,  t h e  g e n e r a l  s t r u c t u r a l  a n d / o r  s t r a t i g r a p h i c  con-  
f i g u r a t i o n  o f  t h e  a r e a ,  a n d  p e r t i n e n t  i n f o r m a t i o n  c o n c e r n i n g  
t h e  n a t u r e  a n d  e x t e n t  o f  t h e  S n a k e  R i v e r  P l a i n  b o u n d a r y  are 
t h u s  t o p i c s  o f  major c o n c e r n  t o  b e  a d d r e s s e d  b a s e d  o n  
r e s u l t s  o f  t h e  s u r v e y s  c o n d u c t e d .  

I n  a d d i t i o n  t o  g r a v i t y  a n d  m a g n e t i c  s u r v e y s ,  a l i m i t e d  
g e o c h e m i c a l  s u r v e y  was c o n d u c t e d  i n  o r d e r  t o  o b t a i n  more 
i n f o r m a t i o n  o n  water q u a l i t y  and  a q u i f e r  t e m p e r a t u r e .  
S h a l l o w  s u b s u r f a c e  g e o l o g i c  a n d  h y d r o l o g i c  d a t a  were 
o b t a i n e d  f r o m  e x i s t i n g  we l l  l o g s  to  d e t e r m i n e  a q u i f e r  a n d  
s h a l l o w  s u b s u r f a c e  s t r u c t u r e .  Enhanced  L a n d s a t  f a l s e  color 
i n f r a r e d  i m a g e r y  was a l so  s t u d i e d  t o  d e t e c t  e v i d e n c e  o f  
m a j o r  s t r u c t u r a l  f e a t u r e s  w h i c h  c o u l d  c o n t r o l  t h e r m a l  water 
i n  t h e  a r e a .  G e o l o g i c  mapp ing  was t a k e n  f r o m  e x i s t i n g  maps 
a u g m e n t e d  by f i e l d  v i s i t s  t o  a c q u i r e  more i n f o r m a t i o n  o n  
p o s s i b l e  f a u l t s  o b s e r v e d  o n  t h e  L a n d s a t  i m a g e r y  a n d  i n  t h e  
s u b s u r f a c e  g e o l o g i c  a n d  h y d r o l o g i c  d a t a .  T e m p e r a t u r e  g r a -  
d i e n t s  were o b t a i n e d  f r o m  e x i s t i n g  u n u s e d  d r i l l  h o l e s .  



EXPLANATION 

Area selected by geothermometry. 
These refer to springs or wells with 
md~cated aquifer temperatures of 
140°C or h~gher. 

Area selected by geology. 

Areasstudied in previousgeothermal 
reports. 

mn 
Area studled in this report. 

F I G U R E  1. I n d e x  map s h o w i n g  area c o v e r e d  by t h i s  r e p o r t  a n d  
areas s e l e c t e d  f o r  s t u d y  by Young a n d  M i t c h e l l  
( 1 9 7 3 ) .  
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Limi  t e d  f u n d i n g  p r e v e n t e d  f u r t h e r  g e o p h y s i c a l  work s u c h  
a s  r e f r a c t i v e  o r  r e f l e c t i v e  s e i s m i c  s u r v e y s  or magneto-  
t e l l u r i c  s t u d i e s  wlhich m i g h t  g i v e  more d e f i n i t i v e  i n f o r -  
m a t i o n  a b o u t  t h e  d e e p e r  s t r u c t u r e .  

WELL-AND-SPRING NUMBERIIJG SYSTEM 

The n u m b e r i n g  s y s t e m  u s e d  by t h e  I d a h o  D e p a r t m e n t  o f  
W a t e r  R e s o u r c e s  and  t h e  U.S, G e o l o g i c a l  S u r v e y  i n  I d a h o  
i n d i c a t e s  t h e  l o c a t i o n  o f  w e l l s  o r  s p r i n g s  w i t h i n  t h e  o f f i -  
c i a l  r e c t a n g u l a r  s u b d i v i s i o n  o f  t h e  p u b l i c  l a n d s ,  w i t h  
r e f e r e n c e  t o  t h e  B o i s e  b a s e  l i n e  a n d  M e r i d i a n .  The f i r s t  
t w o  s e g m e n t s  o f  t h e  number d e s i g n a t e  t h e  t o w n s h i p  a n d  r a n g e .  
The t h i r d  s e g m e n t  g i v e s  t i l e  s e c t i o n  number ,  f o l l o w e d  b y  
t h r e e  l e t t e r s  a n d  n u m e r a l ,  wh ich  i n d i c a t e  t h e  q u a r t e r  
s e c t i o n ,  t h e  4 0 - a c r e  t r a c t ,  t h e  LO-acre t r a c t ,  and  t h e  
s e r i a l  number o f  t h e  wel l  w i t h i n  t h e  t r a c t ,  r e s p e c t i v e l y .  
Q u a r t e r  s e c t i o n s  a r e  l e t t e r e d  a ,  b ,  c and  d  i n  c o u n t e r c l o c k -  
wise o r d e r  f rom t h e  n o r t h e a s t  q u a r t e r  o f  e a c h  s e c t i o n  
( f i g u r e  2 ) .  W i t h i n  t h e  q u a r t e r  s e c t i o n s ,  4 0 - a c r e  a n d  
1 0 - a c r e  t r a c t s  a r e  l e t t e r e d  i n  t h e  same manner .  W e l l  
5s -34E-26dabl  i s  i n  t h e  NW1/4 NE1/4 SE1/4 o f  S e c t i o n  2 6 ,  T.5 
S ,  R.34 E and  was t h e  f i r s t  w e l l  i n v e n t o r i e d  i n  t h a t  t r a c t .  
S p r i n g s  a r e  d e s i g n a t e d  by t h e  l e t t e r  "S" f o l l o w i n g  t h e  l a s t  
n u m e r a l ;  f o r  e x a m p l e  5s-34E-27dablS.  

U S E  OF METRIC UNITS 

The metric or I n t e r n a t i o n a l  S y s t e m  (31) o f  u n i t s  is u s e d  
i n  t h i s  r e p o r t  to p r e s e n t  w a t e r  c h e m i s t r y  d a t a .  Concen- 
t r a t i o n s  o f  c h e m i c a l  s u b s t a n c e s  d i s s o l v e d  i n  t h e  w a t e r  a re  
g i v e n  i n  m i l l i g r a m s  p e r  l i t e r  ( m g / l )  r a t h e r  t h a n  i n  p a r t s  
p e r  m i l l i o n  (ppm) as  i n  some p r e v i o u s  W a t e r  I n f o r m a t i o n  
B u l l e t i n s .  N u m e r i c a l  v a l u e s  f o r  c h e m i c a l  c o n c e n t r a t i o n s  are  
e s s e n t i a l l y  e q u a l  w h e t h e r  r e p o r t e d  i n  mg/l o r  ppm f o r  t h e  
r a n g e  o f  v a l u e s  r e p o r t e d  i n  C h i s  r e p o r t .  Water t e m p e r a t u r e s  
a re  g i v e n  i n  d e g r e e s  C e l s i u s  ( O C ) .  C o n v e r s i o n  o f  OC t o  OF 
( d e g r e e s  F a h r e n h e i t )  is  b a s e d  on t h e  e q u a t i o n ,  OF = 1 . 8  OC + 
3 2 ,  F i g u r e  3  shows  t h e  r e l a t i o n  b e t w e e n  d e g r e e s  C e l s i u s  a n d  
d e g r e e s  F a h r e n h e i t .  

L i n e a r  m e a s u r e m e n t s  ( i n c h e s ,  f e e t ,  y a r d s ,  m i l e s )  are  
g i v e n  i n  t h e i r  c o r r e s i ~ o n d i n g  metric u n i t s  (mil l imeters ,  
meters,  k i l o m e t e r s ) .  W e i g h t  and volume m e a s u r e m e n t s  are 
a l s o  g i v e n  i n  t h e i r  c o r r e s p o n d i n g  metr ic  u n i t s .  T a b l e  1 
g i v e s  c o n v e r s i o n  f a c t o r s  f o r  t h e s e  u n i t s .  Area  m e a s u r e m e n t s  
a r e  l i s t e d  i n  b o t h  S I  and  E n g l i s h  u n i t s  e x c e p t  when 
r e f e r r i n g  t o  a r e a s  d e s c r i b e d  by o f f i c i a l  r e c t a n g u l a r  
s u b d i v i s i o n  o f  p u b l i c  l a n d s .  



FIGURE 2 .  Diagram s h o w i n g  t h e  wel l -  a n d  s p r i n g - n u m b e r i n g  
s y s t e m .  ( U s i n g  wel l  5s -34E-26dab l )  
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FIGURE 3. Diagram showing Celsius-Fahrenheit 
relationships. 
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TABLE 1 
CONVERSION FACTORS 

To C o n v e r t  f r o m  TO M u l t i p l y  b y  

i n c h e s  c e n t i m e t e r s  2 .540  
f e e t  m e t e r s  0 . 3 0 5  
y a r d s  meters 0 .914  
miles  k i l o m e  te rs  1 . 6 0 9  
s q  miles sq k i l o m e t e r s  2 .589  
g a l l o n s  l i t e r s  3 .785  
o u n c e s  g r a m s  28 .349  
c e n t i m e t e r s  i n c h e s  0 . 3 9 4  
meters f e e t  3 . 2 8 1  
meters y a r d s  1 . 0 9 4  
k i l o m e t e r s  miles  0 . 6 2 1  
s q  k i l o m e  ters  s q  miles 0 . 3 8 6  
1 i ters  g a l l o n s  0 . 2 6 4  
g r a m s  o u n c e s  0 .035  

GENERAL GEOLOGY 

The Tyhee  a r e a ,  as  d e f i n e d  i n  t h i s  r epor t ,  c a n  b e  s u b -  
d i v i d e d  i n t o  t h r e e  s e p a r a t e  a n d  d i s t i n c t  g e o m o r p h i c  p r o v -  
i n c e s  ( f i g u r e  4 ) .  The g r e a t e r  p a r t  o f  t h e  area is 
c o n s i d e r e d  t o  b e  p a r t  o f  t h e  S n a k e  R i v e r  P l a i n ,  t h i s  b e i n g  
t h e  f l a t  t e r r a i n  west o f  t h e  F o r t  H a l l  Main C a n a l .  The area 
i m m e d i a t e l y  e a s t  o f  t h i s  c a n a l  r ises  b e n c h - l i k e  as a 
somewhat  d i s s e c t e d  g e o m o r p h i c  p e d i m e n t  a p r o n .  T h e  t h i r d  a n d  
f i n a l  g e o m o r p h i c  s u b d i v i s i o n  c o n s i s t s  o f  t h e  f o o t h i l l s  o f  
t h e  Bannock Range a l o n g  t h e  v e r y  e a s t e r n  m a r g i n  o f  t h e  s t u d y  
area .  From t h e s e  f o o t h i l l s  m a j o r  d r a i n a g e s  s u c h  as Two a n d  
a H a l f  Mile, B u f f a l o  a n d  L i t t l e  P o c a t e l l o  c r e e k s  d e b o u c h e  
o n t o  t h e  p e d i m e n t  a p r o n ,  d i s s e c t i n g  i t  a s  t h e y  e x t e n d  west- 
ward  o n t o  t h e  S n a k e  R i v e r  P l a i n  p r o p e r .  

T h e  most r e c e n t  a n d  u p - t o - d a t e  g e o l o g i c  s t u d y  i n  t h e  
r e g i o n  i n c l u d i n g  t h e  Tyhee  a r e a  is a 1 9 7 6  r e p o r t  by  D.E.  
T r i m b l e  o n  t h e  "Geo logy  o f  t h e  Michaud a n d  P o c a t e l l o  
Q u a d r a n g l e s ,  Bannock a n d  Power C o u n t i e s ,  I d a h o , "  USGS 
B u l l e t i n  1 4 0 0 .  H i s  mapping i n d i c a t e s  t h a t  t h e  s u r f i c i a l  
g e o l o g y  o f  t h e  T y h e e  a r e a  c o n s i s t s  p r i m a r i l y  o f  Q u a t e r n a r y  
d e p o s i t s ,  some a s s o c i a t e d  w i t h  P l e i s t o c e n e  e v e n t s  s u c h  as  
t h e  Lake B o n n e v i l l e  o v e r f l o w ,  and  P l i o c e n e - P l e i s  t o c e n e  
v o l c a n i c s  a s s o c i a t e d  w i t h  e a r l y  S n a k e  R i v e r  P l a i n  
d e v e l o p m e n t .  The  g e o l o g y  is summar ized  i n  terms o f  s u r f a c e  
s t r a t i g r a p h i c  a n d  s t r u c t u r a l  r e l a t i o n s h i p s .  

S t r a t i g r a p h y  

S t a r l i g h t  F o r m a t i o n  - The S t a r l i g h t  F o r m a t i o n ,  as 
d e f i n e d  by T r i m b l e ,  is composed p r i m a r i l y  o f  b e d d e d  r h y o l i t e  





t u f f s  i n  t h e s e  l o c a t i o n s  a d j a c e n t  to  t h e  S n a k e  R i v e r  P l a i n .  
T h e s e  m a t e r i a l s  t e n d  to f i l l  i n t e r m o n t a n e  v a l l e y s  a n d  l a p  
upon P a l e o z o i c  and  o l d e r  r o c k s  o f  t h e  m o u n t a i n s ,  i n  t h i s  
case t h e  Bannock Range e a s t  o f  t h e  s t u d y  a r e a .  Based  o n  
f o s s i l  f a u n a s  i t  h a s  b e e n  d a t e d  a s  E a r l y  t o  M i d d l e  P l i o c e n e .  
O u t c r o p s  o f  t h e  S t a r l i g h t  F o r m a t i o n  o c c u r  t h r o u g h o u t  t h e  
f o o t h i l l s  p r o v i n c e  o f  t h e  s t u d y  a r e a  where  t h e y  become 
r e s p o n s i b l e  f o r  t h e  f o o t h i l l s  t y p e  o f  t o p o g r a p h y  p r e s e n t .  
T h e s e  d e p o s i t s  i n  t u r n  o v e r l i e  s p o r a d i c  o u t c r o p s  o f  
P a l e o z o i c  a n d  P r e c a m b r i a n  u n i t s  o f  t h e  Bannock Range e a s t  o f  
t h e  Tyhee  a r e a ,  t h u s  m a s k i n g  t h e  m a i n  r a n g e  f r o n t  b o u n d a r y .  

High L e v e l  B a s a l t s  - a n d  R h y o l i t e s  - F o r  l a c k  o f  d e f i n i t e  
f o r m a t i o n  names ,  t h e s e  u n i t s  a r e  t e r m e d  High  L e v e l  B a s a l t s  
a n d  R h y o l i t e s  b a s e d  o n  t h e i r  manner  o f  o c c u r r e n c e .  T r i m b l e  
d i s c u s s e s  t h e  b a s a l  ts i n  a s s o c i a t i o n  w i t h  lesser a n d e s i t e  
p o r p h y r y  masses a n d  d e s c r i b e s  them as  d a r k ,  d e n s e ,  a n d  f i n e -  
g r a i n e d  c o n t a i n i n g  55-60 p e r c e n t  p l a g i o c l a s e  a n d  30-40 per- 
c e n t  p r y o x e n e  w i t h  1 0  p e r c e n t  o l i v i n e  n o t  uncommon l o c a l l y .  
Some b a s a l t  o u t c r o p s  are d e s c r i b e d  as  h i g h l y  p o r p h y r i t i c  a n d  
i n t e r p r e t e d  a s  v e n t  d e p o s i t s  i n  t h e  n o r t h  c e n t r a l  p a r t  o f  
t h e  P o c a t e l l o  q u a d r a n g l e  w h e r e  t h e y  a p p e a r  t o  b e  l o c a l i z e d  
a l o n g  t h e  t r a c e  o f  a m i n o r  n o r t h e a s t  t r e n d i n g  f a u l t .  I n  t h e  
s t u d y  a r e a  t h e s e  b a s a l t s  are p r e s e n t  a s  h i g h  l e v e l  e r o s i o n a l  
r e m n a n t s  o v e r l y i n g  S t a r l i g h t  t u f f s  i n  t h e  f o o t h i l l s  w h e r e  
t h e y  a r e  i n  t u r n  o v e r l a i n  o c c a s i o n a l l y  by o l d e r  p e d i m e n t  
g r a v e l s  a n d  loess.  T h e s e  b a s a l t s  are s imi lar  t o  a n d  con-  
s i d e r e d  e q u i v a l e n t  t o  h i g h  l e v e l  b a s a l t  f l o w s  f o u n d  i n  t h e  
Lava  R o t  S p r i n g s  area a s  s i m i l a r  i n t e r b e d s  b e t w e e n  a s h  f l o w  
t u f f s  a n d  o l d e r  T e r t i a r y ( ? )  g r a v e l s .  T h e s e  b a s a l t s  a r e  con-  
s i d e r e d  to  b e  o l d e r  t h a n  t h e  t y p i c a l  S n a k e  R i v e r  P l a i n  
b a s a l t s ,  i . e .  , Lower P l e i s t o c e n e  - Upper  P l i o c e n e  ( C o r b e t t ,  
1 9 7 8 ) .  Minor  e x p o s u r e s  o f  t h e s e  b a s a l t s  a l so  o c c u r  w i ~ t h i n  
o r  a l o n g  t h e  f l a n k s  o f  stream g u l l i e s  t h a t  d i s s e c t  t h e  p e d i -  
m e n t  p r o v i n c e  o f  t h e  s t u d y  a r e a .  

N o r t h e a s t  o f  Two a n d  a  H a l f  Mile C r e e k ,  a t  t h e  v e r y  
n o r t h  end  o f  t h e  a r e a ' s  f o o t h i l l  p r o v i n c e ,  o u t c r o p s  o f  o l d e r  
h i g h  l e v e l  r h y o l i t e s  a r e  p r e s e n t .  T h e s e  a l s o  o v e r l i e  t h e  
S t a r l i g h t  F o r m a t i o n  a n d  are o v e r l a i n  by loess. T h i s  
r h y o l i t e  f o r m s  l a r g e  h i l l s  and  d i f f e r s  f r o m  S t a r l i g h t  t u f f s  
p r i m a r i l y  by t h e i r  f l o w  b a n d e d  n a t u r e  a n d  t h e  p r e s e n c e  o f  
b a s a l  b r e c c i a  a n d  p e r l i t i c  o b s i d i a n  h o r i z o n s .  They a p p e a r  
t o  be time e q u i v a l e n t  t o  High  L e v e l  B a s a l t s  a n d  may i n  f a c t  
b e  g e n e t i c a l l y  r e l a t e d  as  t h e y  a l so  t e n d  to a p p e a r  a s  f a u l t  
c o n t r o l l e d  v e n t - t y p e  v o l c a n i c s  t h a t  a r e  p o s t - S t a r l i g h t  b u t  
p r e -  o r  e a r l y  S n a k e  R i v e r  P l a i n  d e v e l o p m e n t .  

P e d i m e n t  G r a v e l s  - Minor  e x p o s u r e s  o f  p e d i m e n t  g r a v e l s  
o c c u r  o v e r l y i n g  High L e v e l  B a s a l t s  o f  t h e  f o o t h i l l s  a n d  
a l o n g  d i s s e c t e d  g u l l i e s  o f  t h e  p e d i m e n t  p r o v i n c e  o f  t h e  
Tyhee  a r e a ,  A l t h o u g h  t h e s e  g r a v e l s  o u t c r o p  more e x t e n s i v e l y  



i n  nearby P o c a t e l l o  Creek and Por tneu f  River  areas  as  bench 
d e p o s i t s ,  t h e y  are  more obscured i n  t h e  Tyhee area  by 
o v e r l y i n g  l o e s s .  Y e t  t h e i r  presence s u g g e s t s  a  s i m i l a r  
o r i g i n  and d e p o s i t i o n a l  p a t t e r n  a s  c o a r s e  a l l u v i a l  d e p o s i t s  
and mant l ing  r u b b l e  aprons o r i g i n a t i n g  f r o m  e r o s i o n  o f  ad ja -  
c e n t  mountains .  These d e p o s i t s  r e s t  on pediment s u r f a c e s  
c u t  on T e r t i a r y  r o c k s ,  p a r t i c u l a r l y  t h e  S t a r l i g h t  Formation. 
They a l s o  vary  from fang lomera tes  t o  a l l u v i a l  aprons t o  
a l l u v i a l  s t ream d e p o s i t s  along major P l e i s t o c e n e  s t ream 
c o u r s e s .  A l l  a r e  p r e s e n t l y  graded t o  a  l e v e l  much h i g h e r  
t h a n  p r e s e n t  base l e v e l  and cons idered  t o  be o f  P l e i s t o c e n e  
age .  I n  t h e  Tyhee area  t h e s e  g r a v e l s  are  encountered  a t  
r e l a t i v e l y  sha l low 25-30  m e t e r s  ( m )  d e p t h s  i n  w e l l s  w i t h i n  
t h e  pediment  province  e a s t  o f  t h e  For t  Hall  Main Canal and 
probably are  much more e x t e n s i v e  than  o u t c r o p s  s u g g e s t .  As 
range f r o n t  d e p o s i t s ,  t h e y  a r e  composed o f  b o u l d e r s  and 
pebbles  o f  nearby Pa leozo ic  and Precambrian u n i t s ,  par- 
t i c u l a r l y  q u a r t z i t e s .  These  d e p o s i t s  a l s o  s e v e r e l y  mask 
range f r o n t  boundaries  and s i m i l a r l y  t h e  e a s t e r n  margin o f  
t h e  Snake R i v e r  P l a i n .  T h i c k n e s s e s  i n  t h e  s t u d y  area are  
g e n e r a l l y  unknown, b u t  have been repor ted  as  reaching 3 8  m 
i n  nearby P o c a t e l l o  Creek where t h e y  r e s t  on  S t a r l i g h t  
t u f f s .  Exposures o f  t h e s e  g r a v e l s  i n  t h e  Tyhee area  are 
cons idered  t o  be o u t s i d e  t h e  main downwarp u n d e r l a i n  by 
Snake R iver  P l a i n  b a s a l t s .  

Michaud Grave l s  - E x t e n s i v e  s u r f i c i a l l y  exposed g r a v e l s  
c o n s i s t i n g  p r i m a r i l y  o f  q u a r t z i t e  and b a s a l t  l i t h o l o g i e s  
c o v e r s  much o f  t h e  w e s t e r n  h a l f  o f  t h e  Tyhee p r o j e c t  area .  
These  g r a v e l s  occur  as  l o b a t e  d i s t r i b u t a r y  d e p o s i t s  
e x t e n d i n g  g e n e r a l l y  northwestward o n t o  t h e  Snake R iver  P l a i n  
f rom t h e  mouth o f  t h e  Por tneu f  R iver  V a l l e y .  They are  
e x t r e m e l y  coarse  w i t h  b o u l d e r s  p r e s e n t  ranging i n  s i z e  up t o  
1  m i n  d iameter  i n  t h e  Tyhee a r e a ,  b u t  w i t h  decreas ing  
c o a r s e n e s s  i n  t h e  n o r t h w e s t  d i r e c t i o n .  Tr imble  has  con- 
toured  maximum p a r t i c l e  s i z e s  on h i s  P o c a t e l l o  Quadrangle 
map and t h e  e v o l v i n g  p a t t e r n  s u g g e s t s  t h r e e  major d i s t r i b -  
u t a r y  f l o w s ;  one i s  nor th -nor thwes t  through t h e  p r o j e c t  
a r e a ,  another  i s  n o r t h w e s t  corresponding c l o s e l y  t o  t h e  
p r e s e n t  Por tneu f  R iver  c h a n n e l ,  and a  t h i r d  i s  more w e s t e r l y  
toward t h e  Poca t e l l o  a i r p o r t .  The Michaud g r a v e l s  are 
o b v i o u s l y  younger t h a n  t h e  Por tneu f  B a s a l t  c l a s t s  con ta ined  
w i t h i n  and a r e  g e n e r a l l y  cons idered  t o  have been d e p o s i t e d  
b y  water  from p l u v i a l  Lake B o n n e v i l l e  d i s c h a r g i n g  o n t o  t h e  
Snake River  P l a i n  approx imate ly  30,000 years  ago ( L a t e  
P l e i s t o c e n e ) .  

I n  t h e  v e r y  sou thwes t  corner  o f  t h e  Tyhee s t u d y  area  
l o c a l  w e l l s  have pene t ra ted  4 5 - 6 0  m o f  t h e s e  d e p o s i t s  
o v e r l y i n g  Snake R i v e r  P l a i n  b a s a l t s .  

Older Al luv ium - A l l u v i a l  d e p o s i t s  younger than  Upper 
P l e i s t o c e n e  Michaud g r a v e l s  and y e t  o l d e r  than  r e c e n t  o r  



Holocene a l l u v i u m  o c c u r  i n  t h e  Tyhee a r e a  p a r t i c u l a r l y  a s  a  
band e x t e n d i n g  no r thward  t h r o u g h  t h e  midd le  o f  t h e  a r e a  
a l o n g  t h e  p r e s e n t  p a t h  of  t h e  Union P a c i f i c  R a i l r o a d  t r a c k s .  
O t h e r  more e x t e n s i v e  e x p o s u r e s  o c c u r  a l o n g  t h e  Tyhee 
wasteway and  i n  t h e  n o r t h w e s t  c o r n e r  o f  t h e  p r o j e c t  a r e a .  
These  d e p o s i t s  t h u s  t e n d  t o  f l o o r  a  c h a n n e l  and  d i s t r i b u t a r y  
s y s t e m  e x t e n d i n g  no r thward  from t h e  P o c a t e l l o  a r e a  a c r o s s  
t h e  Tyhee a r e a  where i t  is composed p r i n c i p a l l y  of  s i l t y  
d e p o s i t s  up t o  8 m t h i c k .  

Loess  - L i g h t - t a n ,  p o o r l y  i n d u r a t e d ,  w e l l  s o r t e d  e o l i a n  
s i l t s  c o n t a i n i n g  up to 20 p e r c e n t  c a l c i u m  c a r b o n a t e  m a n t l e s  
t h e  p e d i m e n t  g r a v e l s  and o l d e r  r o c k s  o f  t h e  P o c a t e l l o  Bench 
o r  ped imen t  p r o v i n c e  of  t h e  Tyhee a r e a .  T h i s  l o e s s  is 
l o c a l l y  6 0  m or more t h i c k  a t  lower e l e v a t i o n s ,  t h i n n i n g  
e a s t w a r d  toward t h e  f o o t h i l l s  a t  h i g h e r  e l e v a t i o n s .  G u l l i e s  
c u t t i n g  t h e  l o e s s  t e n d  t o  be somewhat f l a t - f l o o r e d  w i t h  
s t e e p  t o  v e r t i c a l  s i d e s .  I n t e r w a t e r w a y  a r e a s  a r e  r e l a t i v e l y  
f l a t  and  w e l l  d r a i n e d .  The P o c a t e l l o  Bench a s  a  whole is 
a l m o s t  e n t i r e l y  u n d e r l a i n  by t h e s e  e o l i a n  s i l t s  and  t e n d s  to 
s l o p e  g e n t l y  westward toward  t h e  Snake R i v e r  P l a i n  i n  a 
s l i g h t l y  concave  manner. 

Younger Alluvium - Cover ing  t h e  f l o o r s  of  t h e  p r e s e n t  
d r a i n a g e  c h a n n e l s  a l o n g  which t h e  F o r t  H a l l  Main Cana l  was 
c o n s t r u c t e d  is  a  band o f  younger  Holocene a l l u v i u m  compr i sed  
ma in ly  of  f i n e  s a n d s  and  s i l t s .  Mixing w i t h  t h e s e  c h a n n e l  
d e p o s i t s  a r e  a l l u v i a l  f a n  m a t e r i a l s  where i n t e r m i t t e n t  p e d i -  
ment  s t r e a m s  emerge o n t o  t h e  Snake R i v e r  P l a i n  f rom t h e  
P o c a t e l l o  Bench a t  i t s  s t e p - l i k e  j u n c t i o n  w i t h  l o w e r  l y i n g  
t e r r a i n .  These  d e p o s i t s  a r e  of  l i t t l e  s i g n i f i c a n c e  o t h e r  
t h a n  mark ing  a r e a s  p r e s e n t l y  a c t i v e  i n  t e r m s  of  t o d a y ' s  
s t r e a m  a c t i v i t y .  

S t r u c t u r e  

Very l i t t l e  can  b e  s a i d  s t r u c t u r a l l y  a b o u t  t h e  Tyhee 
a r e a  e x c e p t  by i n f e r e n c e .  For  t h i s  r e a s o n ,  g r a v i t y  and  
m a g n e t i c  s u r v e y s  were u n d e r t a k e n  f o r  t h e  Tyhee a r e a  i n  o r d e r  
t o  p r o v i d e  a  c l e a r e r  and  more d e t a i l e d  u n d e r s t a n d i n g  o f  t h e  
a r e a ' s  s u b s u r f a c e  s t r u c t u r a l  c o n f i g u r a t i o n .  

R e g i o n a l l y  t h e  Tyhee a r e a  is  m a r g i n a l  t o  two ma jo r  
s t r u c t u r a l  p r o v i n c e s ,  t h e  Snake R i v e r  P l a i n  Downwarp and  
a d j a c e n t  o v e r t h r u s t  b e l t  s t r u c t u r e s  upon which h a s  been  
s u p e r p o s e d  t h e  h o r s t - g r a b e n  c h a r a c t e r  o f  t h e  B a s i n  and Range 
P r o v i n c e .  R e g i o n a l  s t u d i e s  ( C o r b e t t ,  1978)  t e n d  t o  s u g g e s t  
t h a t  s e v e r e  B a s i n  and Range f a u l t i n g  d u r i n g  Mid-Cenozoic h a s  
r e s u l t e d  f rom upwarp and e x t e n s i o n  o f  a  l a r g e  p o r t i o n  o f  
s o u t h e a s t e r n  Idaho .  The p r e s e n t  day  topography  of  a d j a c e n t  
Snake R i v e r  P l a i n  b o r d e r l a n d s  r e f l e c t s  t h i s  e v e n t .  
S i m i l a r l y ,  r e g i o n a l  s t u d i e s  t e n d  t o  show s t r o n g  c o r r e l a t i o n  



b e t w e e n  B a s i n  a n d  Range f a u l t i n g  a n d  l o c a l  h o t  s p r i n g  s i t e s  
t h r o u g h o u t  s o u t h e a s t  I d a h o .  Such  a  c o r r e l a t i o n  is  a l s o  
s t r o n g l y  s u s p e c t e d  f o r  r e p o r t e d  h o t  waters o f  t h e  T y h e e  
a r e a .  The s u b s u r f a c e  s t r u c t u r e  o f  t h e  Tyhee  a r e a  is t h e r e -  
f o r e  i m p o r t a n t  i n  a n y  g e o t h e r m a l  r e s o u r c e  a s s e s s m e n t .  

The m o u n t a i n  b l o c k s  mak ing  up t h e  Bannock Range ,  a n d  t h e  
i n t e r m o n t a n e  v a l l e y  f l a n k i n g  t h e  P o c a t e l l o  a r e a ' s  p a r t  o f  i t  
( t h e  P o r t n e u f  V a l l e y ) ,  were fo rmed  by B a s i n  a n d  Range 
f a u l t i n g .  Much o f  t h i s  f a u l t i n g  o c c u r r e d  p r i o r  t o  d e p o -  
s i t i o n  o f  M i d d l e  P l i o c e n e  s i l i c i c  v o l c a n i c s  ( S t a r l i g h t  
F o r m a t i o n )  t h a t  p a r t l y  f i l l e d  i n t e r m o n t a n e  v a l l e y s .  
A l t h o u g h  f a u l t i n g  c a n n o t  b e  a c c u r a t e l y  d a t e d  i t  d o e s  a p p e a r  
t o  h a v e  b e e n  c o m p l e t e  by e a r l y  S n a k e  R i v e r  P l a i n  
d e v e l o p m e n t .  Movements a l o n g  B a s i n  a n d  Rarlge f a u l t s  h a v e  
o f f s e t  a n d / o r  d i s t u r b e d  p e d i m e n t  g r a v e l s ,  t u f f s ,  a n d  o l d e r  
b a s a l t s  c o r r e l a t i v e  t o  t h o s e  r e p o r t e d  p r e s e n t  i n  t h e  Tyhee  
a r e a  i n  o t h e r  r a n g e s  a n d  v a l l e y s  n e a r b y ,  p a r t i c u l a r l y  i n  t h e  
Lava Hot S p r i n g s  area ( C o r b e t t ,  1 9 7 8 ) .  Such  o f f s e t s  are 
m i n o r  i n  c o m p a r i s o n  to t o t a l .  d i s p l a c e m e n t s  m e a s u r e d  f o r  
major B a s i n  and  Range b l o c k  f a u l t s  o f  t h e  r e g i o n  ( 1 0 0 s  Of 
m ) .  However,  t h e s e  o f f s e t s  s u g g e s t  t h a t  B a s i n  a n d  Range 
f a u l t i n g  c o n t i n u e d  i n t o  P l i o c e n e  t i m e .  

S e v e r a l  l i n e s  o f  e v i d e n c e  t e n d  t o  i m p l y  t h a t  t h e  S n a k e  
R i v e r  P l a i n  f o r m e d  as  a l a r g e  g r a b e n  s t ruc ture .  M o u n t a i n s  
b o t h  n o r t h  and  s o u t h  o f  t h e  P l a i n  a p p e a r  t o  b e  t r u n c a t e d  b y  
f a u l t s  t h a t  bound t h e  P l a i n .  T h e s e  f a u l t s  a l s o  t r e n d  
d i s t i n c t l y  d i f f e r e n t  t h a n  t h o s e  a t t r i b u t e d  to  B a s i n  a n d  
Range d e v e l o p m e n t .  A t  t h e  same time some r a n g e  b o u n d a r y  
f a u l t s  are known w h i c h  e x t e n d  i n t o  t h e  S n a k e  R i v e r  P l a i n ,  
t h u s  i t  a p p e a r s  t h e r e  h a s  b e e n  some o v e r l a p  b e t w e e n  S n a k e  
R i v e r  P l a i n  f o r m a t i o n  a n d  B a s i n  a n d  Range f a u l t i n g  i n  t h e  
r e g i o n .  A complete i n t e r p l a y  o f  s t r u c t u r a l  r e l a t i o n s h i p s  
s h o u l d  t h e r e f o r e  b e  e x p e c t e d  i n  a r e a s  m a r g i n a l  to  o r  common 
t o  b o t h  t e c t o n i c  p r o v i n c e s .  G e n e r a l l y ,  h o w e v e r ,  S n a k e  R i v e r  
P l a i n  d e v e l o p m e n t  is  c o n s i d e r e d  t o  h a v e  o c c u r r e d  p o s t - B a s i n  
a n d  Range o r  a t  l e a s t  d u r i n g  l a t e r  s t a g e s .  B e c a u s e  t h e  
r e g i o n  is  s t i l l  u n d e r g o i n g  e x t e n s i o n  t h e r e  is no  d o u b t  t h a t  
c o n t i n u e d  r e j u v e n a t i o n  movements may s t i l l  t a k e  place a l o n g  
b o t h  o l d e r  B a s i n  a n d  Range f a u l t s  as we11 a s  more r e c e n t  
S n a k e  R i v e r  P l a i n  b o u n d a r y  f a u l t s .  T h i s  is e s p e c i a l l y  
s i g n i f i c a n t  i n  terms o f  p o s s i b l e  g e o t h e r m a l  p o t e n t i a l  f o r  
t h e  Tyhee  area. 

B e s t  e s t i m a t e s  o f  t h e  a g e  o f  B a s i n  a n d  Range s t r u c t u r e s  
i n  t h e  r e g i o n  is  t h a t  i t  is  p r e - S t a r l i g h t  F o r m a t i o n  ( i . e . ,  
p r e - P l i o c e n e )  a n d  p o s t - C r e t a c e o u s  o v e r t h r u s t  d e v e l o p m e n t .  
S n a k e  R i v e r  P l a i n  d e v e l o p m e n t  a l so  a p p e a r s  to  h a v e  b e g u n  n o  
l a t e r  t h a n  M i d d l e  P l i o c e n e  f o r  t h e  S t a r l i g h t  F o r m a t i o n  may 
b e  r e p r e s e n t a t i v e  o f  e a r l y  s i l i c i c  v o l c a n i c  p h a s e s  a t t r i -  
b u t e d  t o  or  a s s o c i a t e d  w i t h  S n a k e  R i v e r  P l a i n  d e v e l o p m e n t .  



The t r a n s i t i o n  f r o m  B a s i n  a n d  Range f a u l t i n g  a n d  downwarp ing  
o f  t h e  S n a k e  R i v e r  P l a i n  a p p e a r s  to  b e  t e c t o n i c a l l y  r e l a t e d  
a n d  t h e  c o m p l e t e  s t r a t i g r a p h i c  r e l a t i o n s h i p s  e x i s t i n g  be-  
tween  t h e  S t a r l i g h t  F o r m a t i o n ,  High L e v e l  B a s a l t s  and  
R h y o l i t e s ,  a n d  P e d i m e n t  G r a v e l s  d i s c u s s e d  f o r  t h e  T y h e e  area 
may b e  i n d i c a t i v e  o f  t h i s  t r a n s i t i o n .  

The o n l y  major s t r u c t u r a l  f e a t u r e  shown o n  T r i r n b l e ' s  
P o c a t e l l o  Q u a d r a n g l e  map f o r  t h e  Tyhee  area ( w i t h i n  p r o j e c t  
b o u n d a r i e s )  i s  a n  i n f e r r e d  S n a k e  R i v e r  P l a i n  b o u n d a r y  f a u l t  
whose t r e n d  e x t e n d s  n o r t h e a s t  a c r o s s  t h e  P o c a t e l l o  Bench and  
i n t o  f o o t h i l l  v o l c a n i c s  a t  t h e  n o r t h e a s t  c o r n e r  o f  t h e  proj- 
e c t  area. Based  o n  i n d e p e n d e n t  i n t e r p r e t a t i o n  o f  s t ra t i -  
g r a p h i c  r e l a t i o n s h i p s  i t  seems p r e f e r a b l e  t o  p l a c e  o u t c r o p s  
o f  High L e v e l  B a s a l t s  a n d  R h y o l i t e s ,  a n d  p o s s i b l y  P e d i m e n t  
G r a v e l s  as w e l l ,  o u t s i d e  o f  t h e  m a i n  S n a k e  R i v e r  P l a i n ;  i t  
is  f e l t  t h a t  T r i m b l e  h a s  i n f e r r e d  t h e  S n a k e  R i v e r  P l a i n  
b o u n d a r y  as  b e i n g  too f a r  e a s t  by 1 t o  2 km o r  more.  I t  is 
a l s o  q u i t e  p r o b a b l e  t h a t  t h e  S n a k e  R i v e r  P l a i n  b o u n d a r y  con-  
sists o f  a zone  o f  f a u l t  d i s l o c a t i o n s  as w i d e  as 2-4 km 
e x t e n d i n g  a s  a band  m a r g i n a l  to t h e  P l a i n  a s  a w h o l e .  A s  
d i s c u s s e d  l a t e r ,  i-t a p p e a r s  t h a t  g e o p h y s i c a l  e v i d e n c e  s u p -  
p o r t s  t h i s  i n t e r p r e t a t i o n .  

T r i m b l e  p r o v i d e s  e v i d e n c e  f o r  t h e  s u b s u r f a c e  e x t e n t  Of 
S n a k e  R i v e r  P l a i n  b a s a l t s  i n  t h e  Tyhee  area. N e a r e s t  
o u t c r o p s  o c c u r  n e a r  A m e r i c a n  F a l l s  to  t h e  west, and  i n  t h e  
F e r r y  B u t t e  a r e a  t o  t h e  n o r t h .  G e n e r a l l y ,  h o w e v e r ,  g e o p h y s -  
i c a l  e v i d e n c e  s u g g e s t s  t h a t  t h e s e  b a s a l t s  are n o t  p r e s e n t  i n  
t h e  s u b s u r f a c e  as f a r  e a s t  as o r i g i n a l l y  f e l t  by most 
i n d i v i d u a l s ;  t h e y  e x t e n d  e a s t w a r d  t o  a p o i n t  1 t o  2 km west 
o f  t h e  o b v i o u s  g e o m o r p h i c  m a r g i n  o f  t h e  S n a k e  R i v e r  P l a i n  a s  
d e t e r m i n e d  t o p o g r a p h i c a l l y .  T h e r e  is l i t t l e  d o u b t  t h a t  
T r i i n b l e ' s  i n t e r p r e t a t i o n  o f  some o f  t h e  High  L e v e l  B a s a l t s  
a n d  R h y o l i t e s  is cor rec t ,  t h a t  t h e y  are i n d e e d  f a u l t  r e l a t e d  
a n d  mark s u r f a c e  t races o f  d e e p e r  f a u l t s .  To t h i s  e x t e n t  
t h e  S n a k e  R i v e r  P l a i n  b o u n d a r y  h a s  some s u r f a c e  e x p r e s s i o n  
i n  and  n e a r  t h e  T y h e e  area.  



G RAV I TY 

F I E L D  WORK 

The g r a v i t y  s u r v e y  o f  t h e  Tyhee a r e a  was begun i n  t h e  
f a l l  o f  1978  w i t h  f i e l d  work comple t ed  i n  March, 1979 .  A 
b a s e  s t a t i o n  was e s t a b l i s h e d  a t  t h e  i n t e r s e c t i o n  of Tyhee 
Road and  t h e  Union P a c i f i c  R a i l r o a d ;  f rom t h i s  p o i n t  g r a v i t y  
r e a d i n g s  were t a k e n  w i t h  a  d i r e c t  r e a d i n g  Worden G r a v i m e t e r  
o v e r  a  72 s q  km a r e a .  G e n e r a l l y  a  g r i d  p a t t e r n  c o n s i s t i n g  
o f  b o t h  n o r t h - s o u t h  and e a s t - w e s t  t r a v e r s e s  was s e t  up w i t h  
r e a d i n g s  made a t  0 .80 km i n t e r v a l s .  These  t r a v e r s e s  
f o l l o w e d  b o t h  s e c t i o n  and q u a r t e r  s e c t i o n  l i n e s .  

E l e v a t i o n  c o n t r o l  f o r  t h e  g r a v i t y  s u r v e y  was p r o v i d e d  by 
l o c a l  bench marks and s p o t  e l e v a t i o n s  t a k e n  from USGS 
t o p o g r a p h i c  maps of  1/24,000 s c a l e .  

During any  g i v e n  d a y ' s  work b a s e  s t a t i o n  r e a d i n g s  were 
r e r e a d  a t  1-2 hour  i n t e r v a l s .  These  were p l o t t e d  a s  t ime-  
d i a l  r e a d i n g  d r i f t  c u r v e s  f o r  l a t e r  u s e  i n  c o r r e c t i n g  f o r  
d a i l y  f l u c t u a t i o n s  c a u s e d  by a t m o s p h e r i c  e f f e c t s .  

DATA REDUCTION AND CORRECTIONS 

D i r e c t  g r a v i m e t e r  d i a l  r e a d i n g s  f o r  a l l  s t a t i o n s  have 
been  c o r r e c t e d  and/or  r educed  t o  p r o v i d e  o b s e r v e d  Bouguer 
g r a v i t y  v a l u e s  which i n  t u r n  were t a b u l a t e d  and  c o n t o u r e d .  
Data  r e d u c t i o n  i n c l u d e d  c o r r e c t i o n s  f o r  d a i l y  d r i f t  and  
r e d u c t i o n  t o  a  common e l e v a t i o n  of  1 2 8 1  m above  s e a  l e v e l  
and  f o r  a  l a t i t u d e  of  43O00'. An a d d i t i o n a l  t e r r a i n  
c o r r e c t i o n  was a l s o  a p p l i e d  a c c o r d i n g  to  s t a n d a r d  p r o c e d u r e  
u s i n g  a  un i fo rm d e n s i t y  of 2  grams p e r  c u b i c  c e n t i m e t e r  
(gm/cm3), t h i s  v a l u e  b e i n g  a n  a v e r a g e  d e t e r m i n e d  f o r  s u r -  
f i c i a l  m a t e r i a l s  c o v e r i n g  most  o f  t h e  s u r v e y  a r e a .  A l l  
f i e l d  o b s e r v e d  d a t a  c o r r e c t i o n s ,  and f i n a l  Bouguer v a l u e s ,  
a r e  t a b u l a t e d  i n  t h e  Appendix,  t a b l e  1. 

A c o n t o u r e d  g r a v i t y  map w i t h  f u l l  m i l l i g a l  c o n t o u r  
i n t e r v a l s  h a s  been  p r e p a r e d  a s  f i g u r e  5. I n  a d d i t i o n  two 
o b s e r v e d  g r a v i t y  p r o f i l e s ,  w i t h  a t t e n d a n t  t o p o g r a p h i c  
p r o f i l e ,  were p l o t t e d  a l o n g  e a s t - w e s t  t r a v e r s e s  a l o n g  
B a l l a r d  and  S iphon r o a d s  and t h e i r  e x t e n s i o n s  e a s t w a r d .  
These  a r e  p r e s e n t e d  a s  f i g u r e  6.  

Al though t h e  g r a v i t y  d a t a  used  i n  t h i s  s t u d y  are 
o b s e r v e d  g r a v i t y  r a t h e r  t h a n  a b s o l u t e ,  t h e  p a t t e r n s  of  g r a v -  
i t y  h i g h s  and lows  e t c . ,  a r e  e s s e n t i a l l y  t h e  same. The main 
e x c e p t i o n  is  s i m p l y  t h a t  a l l  d a t a  is p o s i t i v e  w i t h  l a r g e r  
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c o n t o u r  v a l u e s  o u t l i n i n g  g r a v i t y  h i g h s  and  low c o n t o u r  
v a l u e s  b e i n g  a s s o c i a t e d  w i t h  g r a v i t y  l o w s .  

GEOLOGIC INTERPRETATION 

C o n t o u r e d  o b s e r v e d  Bouguer  g r a v i t y  ( f i g u r e  5 )  and  
t o p o g r a p h i c - g r a v i t y  p r o f i l e s  ( f i g u r e  6 )  f o r m  t h e  b a s i s  f o r  
t h e  f o l l o w i n g  g e o l o g i c  i n t e r p r e t a t i o n s .  S e v e r a l  p r i m a r y  
g r a v i t y  p a t t e r n s  emerge  w h i c h  h a v e  g e o l o g i c  s i g n i f i c a n c e .  
F i r s t ,  two m a i n  g r a v i t y  l o w s  a r e  p r e s e n t ,  o n e  c e n t e r e d  j u s t  
e a s t  o f  Chubbuck ,  t h e  o t h e r  a more e l o n g a t e  l o w  e x t e n d i n g  
n o r t h w e s t w a r d  f r o m  t h e  mouth o f  Two and  a H a l f  Mile Canyon 
i n  t h e  n o r t h e a s t  c o r n e r  o f  t h e  s t u d y  a r e a .  S e p a r a t i n g  t h e s e  
lows is a  r i d g e - l a k e  g r a v i t y  h i g h  o f  n o r t h w e s t  t r e n d  w h i c h  
e x t e n d s  i n t o  t h e  S n a k e  R i v e r  P l a i n  f r o m  t h e  a d j a c e n t  Bannock 
Range.  B o t h  p a t t e r n s  a p p e a r  a b n o r m a l  a n d  h a v e  n o  s u r f a c e  
t o p o g r a p h i c  e x p r e s s i o n ,  t h u s  t h e y  are i n t e r p r e t e d  as  i n d i c a -  
t i v e  o f  s u b s u r f a c e  s t r u c t u r a l  c o n f i g u r a t i o n s .  

The b r o a d  g r a v i t y  h i g h  a l o n g  t h e  w e s t e r n  b o r d e r  o f  t h e  
s t u d y  area a p p e a r s  t o  r e f l e c t  t h e  p r e s e n c e  o f  S n a k e  R i v e r  
P l a i n  b a s a l t s  o f  i n c r e a s e d  t h i c k n e s s  o v e r l a i n  by  Michaud 
g r a v e l s .  T h i s  b r o a d  h i g h  b r e a k s  a b r u p t l y ,  b u t  n o t  g r e a t l y ,  
i n t o  t h e  Chubbuck " l o w "  i n  t h e  s o u t h e r n  p a r t  o f  t h e  area a n d  
l a p s  w i t h o u t  c h a n g e  a g a i n s t  t h e  g r a v i t y  r i d g e  i n  t h e  
n o r t h e r n  p a r t  o f  t h e  area.  

An i n t e r e s t i n g  a s p e c t  o f  t h e  g r a v i t y  d a t a  is  t h e  manner  
i n  w h i c h  c o n t o u r s  a r o u n d  t h e  Chubbuck " low"  t e n d  to p o r t r a y  
a d i s t r i b u t a r y  p a t t e r n  b o t h  w e s t w a r d  a n d  n o r t h w e s t w a r d .  
T h e s e  c o n t o u r s  t e n d  t o  p a r a l l e l  T r i m b l e ' s  b a s a l t  b o u l d e r  
s i z e  c o n t o u r s  o n  h i s  p u b l i s h e d  g e o l o g i c  map o f  t h e  area 
( T r i m b l e ,  1 9 7 6 ,  f i g u r e  5 ) .  G r a v i t y  v a l u e s  t e n d  to r i se  
a l o n g  t h e s e  d i s t r i b u t a r i e s  as b a s a l t  b o u l d e r  s i z e s  d e c r e a s e ,  
t h u s  r e f l e c t i n g  t h e  d e p o s i t i o n a l  p a t t e r n  o f  Michaud g r a v e l s  
o f  t h e  Lake B o n n e v i l l e  o v e r f l o w .  The Chubbuck "low" i s ,  
t h e r e f o r e ,  p a r t l y  i n t e r p r e t e d  a s  b e i n g  e r o s i o n a l ,  i . e .  a s  a 
b a s i n a l  a r e a  e x c a v a t e d  by streams d e b o u c h i n g  o n t o  t h e  S n a k e  
R i v e r  P l a i n  which  was l a t e r  b a c k - f i l l e d  w i t h  l o w  d e n s i t y  
s e d i m e n t a r y  mater ia ls .  A similar i n t e r p r e t a t i o n  is  b e i n g  
g i v e n  t o  t h e  Two a n d  H a l f  Mile " l o w " ,  i t  p r o b a b l y  b e i n g  i n  
p a r t  e r o s i o n a l  w i t h  s i m i l a r  back-f  i l l i n g  o f  s e d i m e n t s  
i s s u i n g  f r o m  t h e  c a n y o n .  

C o m p l i c a t i n g  t h i s  s i m p l e  i n t e r p r e t a t i o n  f o r  t h e  m a j o r  
g r a v i t y  l o w s ,  h o w e v e r ,  is t h e  a b r u p t n e s s  i n  w h i c h  g r a v i t y  
v a l u e s  r i se  e a s t w a r d  f r o m  b o t h  lows. A s  shown i n  f i g u r e  5 
a n d  f i g u r e  6 a s t e e p  n o r t h - s o u t h  l i n e a r  t r e n d  is p o r t r a y e d  
b y  t h i s  a b r u p t  r ise i n  g r a v i t y .  I t  is p a r t i c u l a r l y  e v i d e n t  
e a s t  o f  Chubbuck ,  b u t  h a s  n o t i c e a b l e  n o r t h w a r d  e x t e n s i o n  i n  
s p i t e  o f  b e i n g  i n t e r r u p t e d  i n  t h e  a r e a  w h e r e  1 -15  c r o s s e s  
t h e  n o r t h w e s t w a r d  t r e n d i n g  g r a v i t y  r i d g e .  The i n t e r p r e t a -  



t i o n  b e i n g  g i v e n  to t h i s  n o r t h - s o u t h  t r e n d  is t h a t  o f  a 
major n o r m a l  f a u l t ,  d i p p i n g  w e s t w a r d ,  t h u s  s e p a r a t i n g  
b e d r o c k  o f  t h e  Bannock Range t o  t h e  e a s t  f r o m  s i m i l a r  
m a t e r i a l s  o v e r l a i n  by u n c o n s o l i d a t e d  s e d i m e n t s  on  t h e  
downdropped  s i d e .  

F i g u r e s  5 a n d  6 a l s o  r e v e a l  t h e  p r e s e n c e  o f  a  s i m i l a r  
l i n e a r  a b r u p t  b r e a k  i n  g r a v i t y  v a l u e s  f l a n k i n g  t h e  r i d g e -  
l i k e  g r a v i t y  h i g h  w i t h i n  t h e  n e a r  c e n t r a l  p o r t i o n  o f  t h e  
s t u d y  a r e a .  I t  too is b e i n g  i n t e r p r e t e d  a s  b e i n g  a n o r m a l  
f a u l t ,  s o u t h w e s t  s i d e  down, b u t  o f  somewhat less m a g n i t u d e .  
A s  shown by o p e n  c i r c l e s  o n  f i g u r e  5 ,  r e p o r t e d  h o t  waters i n  
l o c a l  we l l s  o f  t h e  r e g i o n  t e n d  t o  p l o t  a l o n g  t h i s  t r e n d ,  
p a r t i c u l a r l y  n e a r  i t s  i n t e r s e c t i o n  w i t h  t h e  s t r o n g e r  n o r t h -  
s o u t h  t r e n d .  

I n  summary,  i t  a p p e a r s  f r o m  g r a v i t y  d a t a  a l o n e  t h a t  t h e  
T y h e e  a r e a  c a n  b e s t  be d e s c r i b e d  as  h a v i n g  a m a j o r  s u b s u r -  
f a c e  s t r u c t u r a l  h i g h  ( t i l t  b l o c k ? )  e x t e n d i n g  p l a i n w a r d  as a n  
e x t e n s i o n  o f  t h e  Bannock Range ,  t h i s  r i d g e  i n  t u r n  h a v i n g  
b e e n  d o w n f a u l t e d  a l o n g  a n  n o r t h - s o u t h  f a u l t  wh ich  a p p e a r s  a s  
t h e  d o m i n a n t  S n a k e  R i v e r  P l a i n  b o u n d a r y  s t r u c t u r e  p r e s e n t .  
The  n o n - c o i n c i d e n t  b u t  c l o s e l y  r e l a t e d  n a t u r e  o f  t h i s  t r e n d  
w i t h  T r i m b l e ' s  i n f e r r e d  S n a k e  R i v e r  P l a i n  b o u n d a r y  f a u l t  
s h o u l d  b e  n o t e d .  



MAGNETICS 

FIELD WOKK 

M a g n e t i c  W a s u r e m e n t s  f o r  t h e  T y h e e  a r e a  were made 
d u r i n g  l a t e  s p r i n g  o f  1 9 7 9 ,  t h e s e  b e i n g  made as  close to  t h e  
p r i o r  g r i d  s y s t e m  e s t a b l i s h e d  f o r  t h e  g r a v i t y  s u r v e y  a s  
p o s s i b l e .  A d i r e c t  r e a d i n g  p r o t o n  m a g n e t o m e t e r  o f  . O l  gamma 
s e n s i t i v i t y  was u s e d ,  a n d  e x t r e m e  c a r e  was t a k e n  t o  s e l e c t  
s t a t i o n s  a  minimum o f  60-90 m f r o m  a l l  v i s i b l e  o v e r h e a d  
power  l i n e s ,  phone  l i n e s  or f e n c e s .  T h i s  c a r e  was t a k e n  to 
a v o i d  m a g n e t i c  e f f e c t s  o f  manmade s t r u c t u r e s .  A s  w i t h  
g r a v i t y ,  a  b a s e  s t a t i o n  was e s t a b l i s h e d ,  i t  b e i n g  l o c a t e d  
n e a r  t h e  i n t e r s e c t i o n  o f  Tyhee  Road a n d  H i - L i n e  Road.  D a i l y  
r e a d i n g s  a t  1-2  h o u r  i n t e r v a l s  were made a t  t h i s  b a s e  
s t a t i o n  a n d  d a i l y  v a r i a t i o n s  r e c o r d e d  a s  time-gamma d r i f t  
c u r v e s .  

DATA REDUCTION AND-CORRECTIONS 

The o n l y  n e c e s s a r y  c o r r e c t i o n  t o  b e  made i n  o r d e r  t o  
o b t a i n  a b s o l u t e  s u r f a c e  r e c o r d e d  m a g n e t i c  i n t e n s i t y  r e a d i n g s  
is  t h e  a d j u s t m e n t  o f  i n i t i a l  r e a d i n g s  f o r  d a i l y  m a g n e t i c  
f l u c t u a t i o n s .  T h i s  was d o n e  by s i m p l y  c o r r e c t i n g  a l l  
r e c o r d e d  d a t a  b a s e d  o n  m a g n e t i c  d r i f t  c u r v e s ,  t h e s e  i n  t u r n  
p l o t t e d  t o  a  s i n g l e  d a t u m  (see  A p p e n d i x ,  t a b l e  1) .  

M a g n e t i c  v a l u e s  w e r e  c o n t o u r e d  ( f  i g u r e  7 )  u s i n g  c o n t o u r  
i n t e r v a l s  o f  1 0 0  gammas a n d  i n f e r r e d  d a s h e d  c o n t o u r s  o f  50 
gammas. F i g u r e  7  i s  a  t o t a l  m a g n e t i c  i n t e n s i t y  map o f  t h e  
T y h e c  a r e a .  

G E O L O G I C  INTERPRETATION 

A s  n o t e d  o n  f i g u r e  7 ,  two g e n e r a l  m a g n e t i c  p a t t e r n s  a re  
r e v e a l e d .  B a s i c a l l y ,  a major p a r t  o f  t h e  w e s t e r n  h a l f  o f  
t h e  T y h e e  a r e a ,  w e s t  o f  a  l i n e  0 . 4  km west a n d  p a r a l l e l  t o  
US91, is  i n t e r p r e t e d  as  b e i n g  u n d e r l a i n  a t  r e l a t i v e l y  
s h a l l o w  (30-60  m )  d e p t h s  by b a s a l t s  o f  t h e  S n a k e  R i v e r  
P l a i n .  The b u s y ,  somewhat  s p o r a d i c  p a t t e r n  o f  l o c a l  
m a g n e t i c  h i g h s  a n d  lows r a n g i n g  500-700 gammas is n o t  
u n u s u a l  f o r  b a s a l t i c  mater ia ls  d u e  t o  v a r i a t i o n s  i n  F e  
o x i d a t i o n  s t a t e s  i n  s u c h  s u b s t a n c e s .  The l i n e  r e f e r r e d  t o  
i s  t h u s  i n t e r p r e t e d  as b e i n g  t h e  e a s t e r n  l i m i t  f o r  S n a k e  
R i v e r  P l a i n  b a s a l t s .  

E l s e w h e r e  w i t h  m i n o r  e x c e p t i o n s ,  t h e  m a g n e t i c  p a t t e r n  is  
somewhat  more s u b d u e d  w i t h  l o c a l  v a r i a t i o n s  closer  to 1 0 0  
gammas. T h i s  r e f l e c t s  t h e  a b s e n c e  o f  h i g h l y  m a g n e t i c  





m a t e r i a l s  a n d  more c l o s e l y  a p p r o x i m a t e s  s e d i m e n t s ,  sed imen-  
t a r y  r o c k s  a n d / o r  s i l i c i c  v o l c a n i c s .  

One e x c e p t i o n  t o  t h e  p a t t e r n s  j u s t  d e s c r i b e d  is t h e  
e x i s t e n c e  o f  a  200-300 gamma i n t e n s i t y  r a n g e  z o n e  w i t h i n  t h e  
p e d i m e n t - f o o t h i l l  r e g i o n  e a s t  o f  1-15 a n d  i n  a  band 
e x t e n d i n g  n o r t h w e s t  t h a t  is c o n t i g u o u s  w i t h  t h e  p r e v i o u s l y  
d e s c r i b e d  g r a v i t y  r i d g e .  P o s s i b l y  t h i s  somewhat  more v a r i e d  
p a t t e r n  is a s s o c i a t e d  w i t h  v o l c a n i c s  a n d / o r  c o n s o l i d a t e d  
s e d i m e n t a r y  r o c k s  r a t h e r  t h a n  u n c o n s o l i d a t e d  s e d i m e n t s .  
I n t e r e s t i n g l y  t h e  w e s t e r n  m a r g i n  o f  t h e  200-300 gamma z o n e  
c o i n c i d e s  c l o s e l y  t o  f a u l t s  b a s e d  o n  g r a v i t y  i n t e r p r e t a t i o n .  

A s e c o n d  e x c e p t i o n  is  t h e  manner  i n  w h i c h  a  z o n e  o f  
l o w e r e d  m a g n e t i c  i n t e n s i t y  e x t e n d s  across t h e  b a s a l t  
u n d e r l a i n  p o r t i o n  o f  t h e  Tyhee  a r e a  i n  t h e  n o r t h w e s t  p a r t  o f  
t h e  s t u d y  area. T h i s  low m a g n e t i c  band  c l o s e l y  c o r r e s p o n d s  
to  t h e  Tyhee  w a s t e w a y  and  is  i n t e r p r e t e d  a s  p o s s i b l y  
r e f l e c t i n g  c h a n n e l i n g ,  t h u s  t h i n n i n g  o r  r e m o v a l ,  o f  b a s a l t s .  

O t h e r  l o c a l  v a r i a t i o n s  a l s o  o c c u r .  The e x t r e m e  m a g n e t i c  
h i g h  a t  t h e  e a s t -  b o u n d a r y  o f  t h e  s t u d y  area is e a s i l y  
e x p l a i n e d .  S t a t i o n  1 1 7  was a n  e x p o s e d  o u t c r o p  o f  o l d e r  h i g h  
l e v e l  b a s a l t .  The s l i g h t  m a g n e t i c  r i d g e  e x t e n d i n g  a l o n g  t h e  
p r e s e n t  c h a n n e l  o f  Two a n d  a H a l f  Mile C r e e k  c o r r e s p o n d s  to  
a  g r a v i t y  l o w .  A t  f i r s t  g l a n c e  t h i s  may seem a n o m a l o u s ,  
h o w e v e r ,  t h i s  d r a i n a g e  e x t e n d s  s e v e r a l  miles  up c a n y o n  i n t o  
t h e  Bannock Range to a l o c a l e  i n  which  i g n e o u s  p l u t o n i c  
r o c k s  o c c u r .  T h u s  t h e  s e d i m e n t s  t r a n s p o r t e d  may b e  o f  
h i g h e r  m a y n e t i c  c h a r a c t e r .  

I n  t h e  v e r y  n o r t h e a s t e r n  c o r n e r  o f  t h e  s t u d y  a r e a  is  a 
m a j o r  m a g n e t i c  l o w  c o r r e s p o n d i n g  e x a c t l y  to  f o o t h i l l  a r e a s  
w h e r e  o u t c r o p s  o f  s i l i c i c  p e r l i t i c  r h y o l i t e  a r e  e x p o s e d .  

I n  summary,  t h e  m a g n e t i c  p a t t e r n s  c l o s e l y  a p p r o x i m a t e  o r  
d u p l i c a t e  g r a v i t y  p a t t e r n s  and  s e r v e  as  r e i n f o r c e m e n t  f o r  
g r a v i t y  i n t e r p r e t a t i o n s .  Y e t ,  a  d i s t i n c t i o n  b e t w e e n  s t r u c -  
t u r a l  v a r i a t i o n s  a n d  c o m p o s i t i o n a l  v a r i a t i o n s  c a n  a l s o  b e  
made f r o m  m a g n e t i c s  o f  t h e  Tyhee  a r e a .  



SUMMARY AND CONCLUSIONS 

S e v e r a l  l i n e s  o f  e v i d e n c e  c a n  now b e  u s e d  t o  f o c u s  o n  
t h e  s u b s u r f a c e  g e o l o g y  o f  t h e  Tyhee  a r e a  i n  o r d e r  t o  e v a l -  
u a t e  i t s  p o t e n t i a l  f o r  f u r t h e r  e x p l o r a t o r y  work.  Taken  
t o g e t h e r  t h e  g r a v i t y  and  m a g n e t i c  d a t a  d e r i v e d  f r o m  t h e s e  
s u r v e y s  t e n d  t o  r e v e a l  w h a t  h a s  b e e n  i n t e r p r e t e d  a s  t h e  
p r i m a r y  s t r u c t u r a l  c o n f i g u r a t i o n s  p r e s e n t  and  t h e y  p r o v i d e  
some a d d i t i o n a l  i n f o r m a t i o n  c o n c e r n i n g  t h e  a r ea ' s  p r o b a b l e  
c o m p o s i t i o n a l  c h a r a c t e r .  When a d d e d  t o  s u r f a c e  g e o l o g y  a n d  
w h a t  is  e v i d e n t  f r o m  r e g i o n a l  s t r u c t u r e ,  a  u s e f u l  mode l  
e v o l v e s  ( s e e  f i g u r e  8 ) .  

The Tyhee  a r e a  is  m a r g i n a l  t o  t h e  S n a k e  R i v e r  P l a i n  a n d  
t h u s  sets  a s t r a d d l e  t h e  m a i n  b o u n d a r y  s e p a r a t i n g  t h e  P l a i n  
f r o m  t h e  a d j a c e n t  Bannock Range b l o c k .  The n a t u r e  o f  t h i s  
b o u n d a r y  c l o s e l y  r e s e m b l e s  a compound t r u n c a t i o n  o f  B a s i n  
a n d  Range s t r u c t u r e  a l o n g  a m a j o r  n o r t h - s o u t h  n o r m a l  f a u l t  
w i t h  s u b s i d i a r y  n o r t h w e s t  n o r m a l  f a u l t i n g  c r e a t i n g  lesser  
v a r i a b l y  downthrown b l o c k s  w h i c h  e x t e n d  p l a i n w a r d  w i t h o u t  
s t r o n g  s u r f a c e  e x p r e s s i o n .  T h e s e  s t r u c t u r e s  a p p e a r  t o  b e  
t r a n s i t i o n a l  b e t w e e n  t y p i c a l  B a s i n  and  Range d e v e l o p m e n t  a n d  
l a t e r  e s t a b l i s h m e n t  o f  t h e  S n a k e  R i v e r  P l a i n  downwarp. 

R e p o r t e d  h o t  w a t e r s  o f  t h e  a r e a  a p p e a r  t o  b e  b o t h  s p a -  
t i a l l y  and  g e n e t i c a l l y  r e l a t e d  t o  t h e  m a j o r  f a u l t s  p r e s e n t ,  
p a r t i c u l a r l y  w i t h  t h e i r  i n t e r s e c t i o n .  R e c u r r e n t  movements 
a l o n g  them i s  b e l i e v e d  t o  g e n e r a t e  p e r m e a b l e  z o n e s  f o r  w a t e r  
c i r c u l a t i o n  and  is  t h o u g h t  to b e  t h e  most p l a u s i b l e  
mechanism c o n t r o l l i n g  h o t  w a t e r  o c c u r r e n c e ,  a c o n d i t i o n  n o t  
u n l i k e  t h a t  f o r  a l l  o f  s o u t h e a s t  I d a h o .  An a n a l o g y  m i g h t  b e  
made b e t w e e n  t h e  T y h e e  a r e a  a n d  t h e  Lava  Hot S p r i n g s  o r  
Heise H o t  S p r i n g s  a r e a s .  A l l  seem t o  h a v e  similar g e o l o g i c  
c h a r a c t e r i s t i c s  s t r u c t u r a l l y  and  s t r a t i g r a p h i c a l l y .  

P r i o r  t o  u n d e r t a k i n g  a g e o t h e r m a l  e x p l o r a t o r y  h o l e  i n  
o r d e r  t o  d e v e l o p  t h e  a r e a ' s  g e o t h e r m a l  p o t e n t i a l ,  some a d d i -  
t i o n a l  s t u d i e s  a r e  recommended.  A 1  t h o u g h  t h e  r e s u l t s  o f  
m a g n e t i c  a n d  g r a v i t y  s u r v e y s  p r o v i d e  i m p o r t a n t  c l u e s  to t h e  
c h a r a c t e r  o f  s u b s u r f a c e  s t r u c t u r e s ,  t h e r e  is a n e e d  f o r  more 
a c c u r a t e  d e t e r m i n a t i o n  o f  t h e i r  l o c a t i o n s .  I n  pa r t i cu l a r ,  
t h e  n o r t h - s o u t h  and  n o r t h w e s t  f a u l t  t r e n d s  s h o u l d  b e  p r e -  
c i s e l y  known, t h e i r  a t t i t u d e  m e a s u r e d ,  and  p e r h a p s  some 
knowledge  o f  m a g n i t u d e  o f  d i s p l a c e m e n t  o b t a i n e d .  A d d i t i o n a l  
d a t a  p e r t a i n i n g  to t h e  g e o g r a p h i c  l o c a t i o n  and  d e p t h  o f  
f o c u s  o f  h o t  w a t e r  g e n e r a t i o n  would p r o v e  i n v a l u a b l e .  
A l t h o u g h  t h e  e x i s t e n c e  o f  a t a r g e t  h a s  b e e n  i m p l i e d ,  i t s  
p r e c i s e  l o c a t i o n  is  unknown. 





I t  is recommended t h a t  f u t u r e  d e v e l o p m e n t  work b e  
c a r r i e d  o u t  i n  two s t a g e s .  S t a g e  1 would i n v o l v e  seismic 
r e f r a c t i o n  o r  h i g h  r e s o l u t i o n  r e f l e c t i o n  p r o f i l e s  a l o n g  
l i n e s  p e r p e n d i c u l a r  to  t h e  two main  f a u l t  s t r u c t u r e s  
i n f e r r e d  f r o m  p r e s e n t  work.  S t a g e  2 m i g h t  b e  t h e  d r i l l i n g  
o f  a se r ies  o f  s h a l l o w  t e s t  or m o n i t o r i n g  h o l e s  c e n t e r e d  
a r o u n d  t h e  a r e a  o f  known h o t  w a t e r .  T h e s e  would  p r o v e  
u s e f u l  as  s t r u c t u r a l  a n d  s t r a t i g r a p h i c  t e s t s  and  a l s o  b e  
a v a i l a b l e  f o r  c o l l e c t i o n  o f  b a d l y  n e e d e d  t h e r m a l  and  
h y d r o l o g i c  d a t a .  Once c o m p l e t e d ,  t h e s e  a d d i t i o n a l  s t u d i e s  
m i g h t  b e  f o l l o w e d  w i t h  o n e  or more d e e p  e x p l o r a t o r y  h o l e s .  
I t  s h o u l d  b e  e m p h a s i z e d  t h a t  w i t h o u t  some i d e a  o f  t h e  
t h e r m a l  c o n f i g u r a t i o n  o f  u n d e r g r o u n d  waters,  d e e p  d r i l l i n g  
m i g h t  p r o v e  w a s t e f u l .  



HYDROLOGY 

WELL LOG DATA 

The o c c u r r e n c e  o f  g r o u n d w a t e r  i n  t h e  n o r t h  P o c a t e l l o ,  
Chubbuck a n d  T y h e e  a r e a s  is c l o s e l y  r e l a t e d  t o  t h e  g e o l o g y  
a n d  i s  a s  v a r i e d  a s  t h e  t h r e e  d e s c r i b e d  g e o m o r p h i c  
p r o v i n c e s .  

G e o l o g i c  cross s e c t i o n s  ( f i g u r e s  9  & 1 0 )  d e r i v e d  f r o m  
w a t e r  we l l  d r i l l e r s  l o g s  (see f i g u r e  11 f o r  cross s e c t i o n  
l o c a t i o n s )  shows  t h e  d e p t h  o f  t h e  water t a b l e  t o  b e  g r e a t e r  
i n  t h e  a r e a s  o f  h i g h  r e l i e f  ( e a s t e r n  e d g e  o f  t h e  s t u d y  a r e a )  
t h a n  i t  i s  a t  t h e  lower e l e v a t i o n s  o f  t h e  S n a k e  R i v e r  P l a i n  
p r o p e r ;  h o w e v e r ,  l o c a l l y  water l e v e l s  c h a n g e  s i g n i f i c a n t l y  
d u e  t o  l o c a l  d i f f e r e n c e s  i n  t h e  c o n t i n u i t y  a n d  p e r m e a b i l i t y  
o f  t h e  water b e a r i n g  m a t e r i a l s  a s  w e l l  a s  t h e  i n f l u e n c e  o f  
t h e  l o c a l  s t r u c t u r e .  

W a t e r  l e v e l s  i n  t h e  b e n c h  a r e a  are  f o u n d  t o  v a r y  f r o m  
60-90 rn b e l o w  l a n d  s u r f a c e .  The p i e z o m e t r i c  l e v e l s  i n  t h e  
a r e a  a p p e a r  t o  b e  s l i g h t l y  a r t e s i a n  w i t h  o n l y  o n e  we11 
( 5 s - 3 4 E - 2 4 d a b l )  known t o  b e  f l o w i n g  a t  a p p r o x i m a t e l y  1 5  
l / m i n .  T h i s  w e l l  h a s  a  s u r f a c e  t e m p e r a t u r e  o f  n l ° C .  

The  m a j o r  water p r o d u c i n g  z o n e s  i n  t h e  b e n c h  a r e a  ( f r o m  
wel l  l o g s )  a p p e a r  t o  b e  t h e  more p e r m e a b l e  a l l u i v a l  s a n d  a n d  
g r a v e l  d e p o s i t s  a n d  a n c i e n t  c o l l u v i a l  r u b b l e  a p r o n s  i n c l u d -  
i n g  t h e  "High L e v e l  B a s a l t s "  when f r a c t u r e d  a n d  f o u n d  b e l o w  
t h e  w a t e r  t a b l e .  

The  S n a k e  P l a i n  a l l u v i u m  c o n s i s t s  o f  i n t e r b e d d e d  c l a y ,  
s a n d  a n d  g r a v e l .  Water l e v e l s  i n  t h e  P l a i n  a r e  v a r i e d  b u t  
u s u a l l y  no  more t h a n  1 5  m b e l o w  l a n d  s u r f a c e .  The l a t e r a l  
c o n t i n u i t y  o f  t h e  major w a t e r  p r o d u c i n g  z o n e s  w i t h i n  t h e  
P l a i n  is  q u e s t i o n a b l e  a s  s u f f i c i e n t  d a t a  a r e  n o t  a v a i l a b l e  
t o  make a d e t a i l e d  a n a l y s i s .  A g e n e r a l i z e d  s t r a t i g r a p h i c  
s e c t i o n  f o r  t h e  Tyhee  a r e a  is  shown i n  f i g u r e  1 2 .  

R e l a t i v e l y  l i t t l e  is known a b o u t  t h e  s t r u c t u r e  o f  t h e  
a r e a  a s  t h e  d e p o s i t i o n  o f  t h e  s e d i m e n t s  h a s  masked much o f  
a n y  s u r f a c e  e x p r e s s i o n .  Cross s e c t i o n s  i n d i c a t e  n o r t h  t o  
n o r t h e a s t  t r e n d i n g  n o r m a l  f a u l t i n g  a l o n g  t h e  P l a i n  m a r g i n  as  
w e l l  a s  some n o r t h w e s t  f a u l t i n g .  T h e s e  t r e n d s  a r e  s u b s t a n -  
t i a t e d  by t h e  L a n d s a t  i m a g e r y  i n t e r p r e t a t i o n s  ( t h i s  r e p o r t )  
a n d  g r a v i t y  and  m a g n e t i c  s t u d i e s  o f  t h e  a r e a .  Age r e l a t i o n s  
o f  t h e  f a u l t i n g  a r e  u n d e t e r m i n e d  p r e s e n t l y  b u t  t h e  n o r t h  t o  
n o r t h e a s t  t r e n d i n g  n o r m a l  f a u l t s  a l o n g  t h e  p l a i n  m a r g i n  a r e  
t h o u g h t  t o  b e  t h e  y o u n g e r  ( f i g u r e  8 ) .  









FIGURE 12. Typical stratigraphic section in the Tyhee Bench 
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T h e s e  f a u l t  s y s t e m s  seem t o  b e  t h e  k e y  t o  e x p l o i t i n g  t h e  
warmer  w a t e r .  I n  t h e  p r e v i o u s l y  d e s c r i b e d  f l o w i n g  w e l l ,  
warm a r t e s i a n  w a t e r  was e n c o u n t e r e d  a t  a d e p t h  o f  244 m.  
T h i s  we l l  may h a v e  i n t e r s e c t e d  o n e  o f  t h e s e  f a u l t s  a t  d e p t h .  

A n o t h e r  w e l l  was r e c e n t l y  d r i l l e d  i n  S e c t i o n  2 5 c c c 1 ,  T . 5  
S ,  R.34 E ,  by Energy  S e r v i c e s ,  I n c .  o f  I d a h o  F a l l s ,  i n  
s e a r c h  o f  a  r e s o u r c e  t o  u s e  i n  a  f u t u r e  h o u s i n g  d e v e l o p m e n t  
f o r  s p a c e  h e a t i n g .  T h i s  w e 1 1  was d r i l l e d  t o  a d e p t h  o f  
323  m .  I t  was a n t i c i p a t e d  t h i s  wel l  would  i n t e r s e c t ,  a t  or 
n e a r  t h i s  d e p t h ,  a  n o r t h w e s t  t r e n d i n g  f a u l t  ( d i p  a b o u t  
75O t o  t h e  n o r t h e a s t )  t h a t  h a s  b e e n  i d e n t i f i e d  a t  t h e  s u r -  
f  a c e  a b o u t  270 m t o  t h e  s o u t h  o f  t h e  wel l  s i t e  o r  p o s s i b l y  
o n e  o f  t h e  n o r t h e a s t  t r e n d i n g  n o r m a l  f a u l t s .  I m m e d i a t e l y  
a f t e r  c o m p l e t i o n  o f  t h i s  we l l  i t  c a v e d  i n  a t  220 m .  To 
d a t e ,  d a t a  is  a v a i l a b l e  f o r  o n l y  t h e  u p p e r  220 m o f  t h e  
w e l l .  The c u r r e n t  water l e v e l  is 4.58 m b e l o w  l a n d  s u r f a c e ,  
a n d  i t  h a s  a  s t a t i c  l e v e l  t e m p e r a t u r e  o f  14OC. 

A w e l l  l o c a t e d  a b o u t  1 0  m t o  t h e  s o u t h  o f  t h e  p r e v i o u s l y  
d e s c r i b e d  wel l  i s  8 5  m d e e p  a n d  i t s  water l e v e l  is  60  m 
b e l o w  g r o u n d  l e v e l .  Water t e m p e r a t u r e  i n  t h e  w e l l  v a r i e s  
f r o m  21°C a t  t h e  s t a t i c  l e v e l  t o  240C a t  t h e  b o t t o m  o f  t h e  
w e l l .  Warmer water may b e  m i g r a t i n g  i n t o  t h i s  we l l  t h r o u g h  
a s a n d  a n d  g r a v e l  a q u i f e r  f r o m  f r a c t u r e s  a s s o c i a t e d  w i t h  t h e  
same n o r t h w e s t  t r e n d i n g  f a u l t  z o n e .  

CONCLUSIONS AND RECOMMENDATIONS 

I t  a p p e a r s  t h a t  warm w a t e r  s u f f i c i e n t  a t  l e a s t  f o r  s p a c e  
h e a t i n g  may b e  a v a i l a b l e  i n  t h i s  area i f  t h e  l o c a l  s t r u c -  
t u r a l  c o n t r o l  c a n  b e  d e f i n e d  a n d  t a p p e d  a t  d e p t h .  F u r t h e r  
s t u d y  s h o u l d  be i n i t i a t e d  t o  d e l i n e a t e  s u s p e c t e d  s t r u c t u r e s  
a n d  f u r t h e r  d e f i n e  known s t r u c t u r e s  t o  e n a b l e  a  p o s s i b l e  
r e s o u r c e  t o  b e  f o u n d  a n d  u s e d .  Flow t e s t s  s h o u l d  b e  r u n  on 
t h e  known w a r m  wel ls  t o  d e t e r m i n e  i f  s u f f i c i e n t  y i e l d  e x i s t s  
f o r  s u s t a i n e d  u s e  a n d  t o  d e t e r m i n e  i f  w e l l  i n t e r f e r e n c e  w i l l  
b e  a  p r o b l e m .  E n v i r o n m e n t a l  c o n s i d e r a t i o n s  s u c h  as w a s t e  
w a t e r  d i s c h a r g e  s h o u l d  be l o o k e d  a t  p r i o r  t o  a n y  d e v e l -  
o p m e n t .  



GEOCHEMICAL STUDY 

THERMAL WATER CHEMISTRY 

T h e r m a l  water o c c u r r e n c e s  n e a r  T y h e e  a r e  l i m i t e d  t o  a  
small  a r e a  o f  a b o u t  3 1  s q  km ( 1 2  s q  m i ) .  The h o t t e s t  
t h e r m a l  w a t e r  ( 4 1 0 C )  comes f r o m  a well  ( 5 s - 3 4 E - 2 6 d a b l )  
l o c a t e d  n e a r  t h e  c e n t e r  o f  t h e  3 1  s q  km a r e a .  O t h e r  w e l l s  
i n  t h e  a r e a  a r e  much cooler ,  w i t h  s u r f a c e  t e m p e r a t u r e s  
r a n g i n g  f r o m  1 2  t o  2a°C. 

The h o t  w e l l  was d r i l l e d  t o  a  d e p t h  o f  1 7 7 . 5  m i n  1 9 6 3  
a n d  is  p r e s e n t l y  u s e d  f o r  d o m e s t i c  h e a t i n g  a n d  i r r i g a t i o n  
p u r p o s e s .  A d r i l l e r s  l o g  is a v a i l a b l e  f o r  t h e  f i r s t  1 7 7 . 5  
m .  T h e  wel l  h a s  s u b s e q u e n t l y  b e e n  d e e p e n e d  by 46 m.  A 
f o r m e r  t h e r m a l  s p r i n g  h a s  b e e n  r e p o r t e d  ( 5 s - 3 4 E - 2 7 d a b l S )  
n e a r  t h e  Union P a c i f i c  R a i l r o a d  t r a c k s .  I t  is  now d r y ,  so 
n o  s a m p l e  or r e l i a b l e  t e m p e r a t u r e  c o u l d  b e  o b t a i n e d  
t h e r e f r o m .  I t  is  r e p o r t e d  t o  h a v e  c e a s e d  f l o w i n g  a f t e r  t h e  
Uebgen Lake  e a r t h q u a k e  t h a t  s h o o k  t h e  area i n  A u g u s t  1 9 5 9 .  
Former  f l o w  was enough  t o  p r o v i d e  a  " b a t h - t u b "  f o r  b a t h i n g .  
K e n t  S h i o z o w a ,  t h e  o w n e r ,  h a s  s t a t e d  t h a t  t h e  t e m p e r a t u r e  
was b e t w e e n  25 t o  35OC ( K u n z e ,  1 9 8 0 ,  p e r s o n a l  communi- 
c a t i o n ) .  

W e l l s  which  were  pumping a t  t h e  t i m e  wel l -s i te  v i s i t s  
were made,  were s a m p l e d  a n d  c h e m i c a l l y  a n a l y z e d  d u r i n g  t h e  
e a r l y  f a l l  o f  1 9 7 9  ( t a b l e  2 ) .  S e v e r a l  o t h e r  we l l s  e x i s t  i n  
t h e  a r e a ,  b u t  w e r e  n o t  pumping d u r i n g  t h e  s a m p l i n g  p e r i o d .  
R e l i a b l e  i s o t o p e  s a m p l e s  c o u l d  n o t  b e  o b t a i n e d  d u e  t o  l a c k  
o f  w e l l  h e a d  a c c e s s  p o r t s  i n  t h e  a r e a .  

D a t a  i n  t a b l e  3  i n d i c a t e  two d i s t i n c t  t y p e s  o f  w a t e r  a r e  
p r e s e n t  i n  t h e  Tyhee  a r e a .  I I i g h e r  t e m p e r a t u r e  water ( a b o v e  
25OC) h a v e  h i g h e r  c o n c e n t r a t i o n s  o f  d i s s o l v e d  s o d i u m  ( N a )  , 
p o t a s s i u m  ( K ) ,  s u l f a t e  ( S 0 4 ) ,  a n d  f l u o r i d e  ( F ) ,  t h a n  lower 
t e m p e r a t u r e  w a t e r s .  S i l i c a ,  h o w e v e r ,  t e n d s  t o  b e  p r e s e n t  i n  
l o w e r  c o n c e n t r a t i o n s  i n  t h e  warmer w a t e r .  The p e r c e n t  
s o d i u m  ( p e r c e n t  Na) a n d  s o d i u m  a b s o r p t i o n  r a t i o s  (SAR) a re  
h i g h e r  f o r  warmer w a t e r  ( t y p i c a l l y  40-50 f o r  p e r c e n t  N a  a n d  
2 . 9  - 3 . 8  f o r  SAR)  w h i l e  c o o l e r  waters h a v e  p e r c e n t  Na less 
t h a n  30 a n d  SAR v a l u e s  less  t h a n  1 . 5 .  

C h e m i c a l  w a t e r  q u a l i t y  d a t a  a r e  o f t e n  d i s p l a y e d  a s  v e r -  
t i c a l  b a r  g r a p h s  u s i n g  m i l l i e q u i v a l e n t s  p e r  l i t e r  as  u n i t s .  
F i g u r e  1 3  r e l a t e s  w a t e r  q u a l i t y  to  l o c a t i o n .  The f i g u r e  
shows  a n  a p p a r e n t  w a t e r  c h e m i s t r y  c h a n g e  f r o m  w e s t  t o  e a s t  
a c r o s s  t h e  a r e a .  T o p o g r a p h i c  and  l a n d  u s e  c h a n g e s  f r o m  west 
t o  e a s t  c o u l d  mean t h a t  t h e  w a t e r  c h e m i s t r y  v a r i a b i l i t y  









migh t  n o t  be due  e n t i r e l y  t o  t h e r m a l  c o n d i t i o n s .  I n  a r e a s  
o f  i r r i g a t e d  a g r i c u l t u r e ,  i n c r e a s e s  i n  sodium and  c h l o r i d e  
c o n c e n t r a t i o n s  have been  known t o  be r e l a t e d  t o  mix ing  o f  
g roundwa te r  and  i r r i g a t i o n  w a t e r .  The l i m i t e d  number o f  
d a t a  p o i n t s  makes i n t e r p r e t a t i o n s  h i g h l y  s p e c u l a t i v e .  

A t r i l i n e a r  d i ag ram i s  a n o t h e r  u s e f u l  way t o  d i s p l a y  
w a t e r  c h e m i s t r y  d a t a .  F i g u r e  14  is  a  t r i l i n e a r  p l o t  of t h e  
Tyhee w a t e r  q u a l i t y  d a t a .  The d i ag ram d i s p l a y s  t h e  t w o  
w a t e r  t y p e s ,  a  d o m i n a n t l y  sodium b i c a r b o n a t e  w a t e r  r e p r e -  
s e n t e d  by t h e  warmer w e l l s  (numbers  1, 3 ,  4 ,  5 and  9 ;  s e e  
t a b l e  2 f o r  t h e i r  l o c a t i o n )  and  a  c a l c i u m  sodium b i c a r b o n a t e  
t y p e  i n  t h e  c o o l e r  w e l l s  ( 2 ,  6 ,  7 and  8 ) .  Some mixing  o f  
t h e r m a l  and  c o l d  water may o c c u r ,  p e r h a p s  between w a t e r  
r e p r e s e n t e d  by s a m p l e s  9  and  7 t o  y i e l d  sample  2 w a t e r  or  
between samples  1 and  7 t o  y i e l d  sample 6  w a t e r .  However, 
t h e  s c a t t e r  on  t h e  t r i l i n e a r  d iagram i n d i c a t e s  t h a t  s i m p l e  
mix ing  models  w i l l  n o t  a d e q u a t e l y  d e s c r i b e  t h e  w a t e r  chemis-  
t r y  of  t h e  Tyhee a r e a .  P a r t i a l  r e e q u i l i b r a t i o n  a p p e a r s  to 
have  o c c u r r e d  i n  s amples  1 and  5 w a t e r  which are f rom t h e  
same w e l l .  T h e i r  c h l o r i d e  ( C l )  c o n t e n t  is much g r e a t e r ,  a n d  
t h a t  o f  b i c a r b o n a t e  (HCO3) i s  much l e s s  t h a n  samples  1, 9  
and  6 ;  i n  p e r c e n t a g e  r e a c t i n g  v a l u e s  t h e  e x c e s s  C 1  i s  n e a r l y  
e q u a l  t o  t h e  d e f i c i e n c y  o f  HC03, as though samples  1 and  5 
w a t e r  had  undergone i o n  f o r  i o n  exchange  be tween  HCO3 a n d  
C 1 .  

AQUIFER TEMPERATURES 

P r e l i m i n a r y  e v a l u a t i o n s  of  g e o t h e r m a l  s y s t e m s  a r e  b e i n g  
s u c c e s s f  u l l y  conduc ted  u s i n g  c h e m i c a l  geo thermometers .  I n  
t h e  R a f t  R i v e r  V a l l e y  of s o u t h e a s t e r n  I d a h o ,  t h e  r e l i a b i l i t y  
o f  t h e s e  t he rmomete r s  h a s  been t e s t e d  by d e e p  d r i l l i n g .  The 
s i l i c a  and  Na-K-Ca p r e d i c t e d  a q u i f e r  t e m p e r a t u r e s  (Young a n d  
M i t c h e l l ,  1973)  and .mixing model c a l c u l a t i o n s  (Young a n d  
M i t c h e l l ,  1973 ,  unpub l i shed  d a t a )  a g r e e d  v e r y  c l o s e l y  
( w i t h i n  10°C) w i t h  t e m p e r a t u r e s  found a t  d e p t h  (Kunze,  
1 9 7 5 ) .  T h i s  p r o v i d e s  some measure  of  c o n f i d e n c e  i n  a p p l y i n g  
t h e  same methods t o  s i m i l a r  a r e a s  of  t h e  s t a t e .  

The d e g r e e  o f  r e l i a n c e  t o  be p l a c e d  on a  c h e m i c a l  
geo thermometer  depends  on  many f a c t o r s .  A d e t a i l e d  d e s c r i p -  
t i o n  o f  t h e  b a s i c  a s s u m p t i o n s ,  c a u t i o n s ,  and l i m i t a t i o n s  f o r  
t h e s e  c h e m i c a l  geo the rmomete r s  is  i n c l u d e d  i n  t h e  S e l e c t e d  
R e f e r e n c e s .  The b a s i c  a s sumpt ion  is  t h a t  t h e  c h e m i c a l  
c h a r a c t e r  o f  t h e  w a t e r  o b t a i n e d  by t e m p e r a t u r e  d e p e n d e n t  
e q u i l i b r i u m  r e a c t i o n s  i n  t h e  t h e r m a l  a q u i f e r  is c o n s e r v e d  
f rom t h e  t i m e  t h e  w a t e r  l e a v e s  t h e  a q u i f e r  u n t i l  i t  r e a c h e s  
t h e  s u r f a c e .  The c o n c e n t r a t i o n  of  c e r t a i n  c h e m i c a l  c o n s t i -  
t u e n t s  d i s s o l v e d  i n  t h e  t h e r m a l  w a t e r  c a n ,  t h e r e f o r e ,  b e  
u sed  t o  e s t i m a t e  a q u i f e r  t e m p e r a t u r e s .  



E x p l a n a t i o n  

I .  Re fe rence  N u m b e r  
( S e e  t a b l e  2 f o r  

w e l l  n u m b e r )  

o Water w i t h  measured 
s u r f a c e  t e m p e r a t u r e  
below 25O C .  

e Water  w i t h  measured 
sur face  t e m p e r a t u r e  
a t  or a b o v e  25' C .  

CATIONS ANIONS 
P e r c e n t  of tota l  

( Mi l I i equ iva len ts /  l i t e r )  

FIGURE 14. Trilinear diagram showing variations of chemical 
constituents in water sampled from the Tyhee 
area. 



A q u i f e r  t e m p e r a t u r e s  c a l c u l a t e d  f r o m  t h e  s i l i c a  a n d  
Na-K-Ca c h e m i c a l  g e o t h e r m o r n e t e r s ,  a n d  f r o m  m i x i n g  m o d e l s ,  a s  
w e l l  a s  t h e  a t o m i c  r a t i o s  o f  s e l e c t e d  e l e m e n t s  f o u n d  
d i s s o l v e d  i n  t h e  t h e r m a l  w a t e r s  o f  t h e  Tyhee  a r e a  a r e  g i v e n  
i n  t a b l e  3. T h e s e  were c a l c u l a t e d  f r o m  t h e  c o n c e n t r a t i o n s  
i n  t a b l e  2 .  The  h i g h e r  t e m p e r a t u r e  w a t e r s  a r e  d i s t i n c t i v e  
i n  e x h i b i t i n g  h i g h e r  m a g n e s i u m / c a l c i u m  (Mg/Ca),  s o d i u m / c a l -  
c i u m  (Na/Ca)  a n d  l o w e r  c a l c i u m / f l u o r i d e  ( C a / F )  a n d  c h l o -  
r i d e / f l o u r i d e  ( C l / F )  r a t i o s  t h a n  f o u n d  i n  lower temperature 
w a t e r s  o f  t h e  T y h e e  a r e a .  The s i m i l a r i t y  i n  e a c h  o f  t h e s e  
i n d i v i d u a l  r a t i o s  f o r  t h e  h i g h e r  t e m p e r a t u r e  w a t e r s  is  e v i -  
d e n c e  t h a t  t h e s e  waters are g e n e t i c a l l y  r e l a t e d .  W a t e r  
d i s c h a r g e d  f r o m  wel l s  h a v i n g  lower m e a s u r e d  s u r f a c e  tem- 
p e r a t u r e s  a l s o  h a v e  s i m i l a r  Mg/Ca, N a / C a ,  Ca/F,  a n d  Cl/F 
r a t i o s  i n d i c a t i n g  t h a t  t h e  lower t e m p e r a t u r e  w a t e r s  a r e  
g e n e t i c a l l y  r e l a t e d .  

A s  shown i n  t a b l e  3 ,  f o r  a n y  o n e  w e l l ,  t h e r e  is l i t t l e  
a g r e e m e n t  o b t a i n e d  among t h e  v a r i o u s  c h e m i c a l  g e o -  
t h e r m o m e t e r s .  An e x c e p t i o n  is we l l  5s-34E-35badl  w h e r e  
c h a l c e d o n y  ( T q )  a n d  s o d i u m - p o t a s s i u m - c a l c i u m  (Na-K-Ca) p r e -  
d i c t e d  68O a n d  66OC, r e s p e c t i v e l y .  L o o k i n g  a t  d a t a  f r o m  a l l  
w e l l s ,  h o w e v e r ,  m o s t  a g r e e m e n t  seems t o  be w i t h  t h e  c h a l c e d -  
o n y  p r e d i c t e d  t e m p e r a t u r e s  where  t e m p e r a t u r e s  b e t w e e n  60 a n d  
7U°C seem m o s t  common f o r  l o w e r  t e m p e r a t u r e  w a t e r .  H i g h e r  
t e m p e r a t u r e  w a t e r s  show t h a t  f o r  m o s t  w e l l s  s a m p l e d ,  t h e  
c h a l c e d o n y  c h e m i c a l  y e o t h e r m o m e t e r  p r e d i c t s  t e m p e r a t u r e  n e a r  
60-7U°C ( t a b l e  3 ,  column T q ) .  An e x c e p t i o n  is t h e  h o t  w e l l ,  
w h e r e  t h e  q u a r t z  c h e m i c a l  g e o t h e r m o m e t e r  p r e d i c t s  a  maximum 
s u b s u r f a c e  t e m p e r a t u r e  o f  63OC, i n  a g r e e m e n t  w i t h  c h a l c e d o n y  
f o r  lower t e m p e r a t u r e  wel l s .  A m i l k y  q u a r t z  was e n c o u n t e r e d  
i n  t h e  d r i l l  h o l e  f o r  t h i s  w e l l  when t h e  d r i l l e r  p e n e t r a t e d  
t h e  t h e r m a l  a q u i f e r  as shown by d r i l l  c u t t i n g s  o b t a i n e d  f r o m  
t h e  owner .  A m i x i n g  model  f o r  t h i s  we l l  ( t a b l e  3 ,  column 
T g )  p r e d i c t s  a maximum s u b s u r f a c e  t e m p e r a t u r e  o f  8U°C. 

I n  summary,  d a t a  f r o m  t a b l e s  2 a n d  3 a n d  f i g u r e s  1 3  a n d  
1 4 ,  t h e r e f o r e ,  i n d i c a t e  two d i s t i n c t  c h e m i c a l  w a t e r  t y p e s  i n  
t h e  area. The warmer t h e r m a l  w a t e r s  are r e p r e s e n t e d  m o s t  
c l o s e l y  by t h e  c h e m i c a l  c o m p o s i t i o n  o f  w e l l  5 s -34E-26dab l .  
S u r f a c e  t e m p e r a t u r e s  i n  o t h e r  w e l l s  o f  t h i s  water t y p e  may 
b e  c a u s e d  by c o n d u c t i v e  c o o l i n g  o f  t h i s  w a t e r  a s  i t  a s c e n d s  
u p  f a u l t  p l a n e s  a n d  s p r e a d s  l a t e r a l l y  i n t o  t h e  a q u i f e r  
s y s t e t n ( s )  or by m i x i n g  o f  t h e r m a l  a n d  n o n t h e r m a l  waters. 
The t h e r m a l  water may n o t  h a v e  r e a c h e d  a t e m p e r a t u r e  h i g h e r  
t h a n  8O0C b e f o r e  c o o l i n g  b e g a n  o r  r e e q u i l i b r a t e d  c h e m i c a l l y  
i n  a  s h a l l o w  a q u i f e r  a t  800C. Cooler t h e r m a l  w a t e r s  may b e  
mixed  t h e r m a l  a n d  c o l d  g r o u n d w a t e r s ,  or  may b e  c o l d  g r o u n d -  
w a t e r s  h e a t e d  s l i g h t l y  by p r o c e s s e s  n o t  r e a d i l y  a p p a r e n t .  



CONCLUSIONS A N D  RECOMMENDATIONS 

T h e r m a l  w a t e r s  o f  a t  l e a s t  t w o  t y p e s  e x i s t  i n  t h e  Tyhee  
a r e a  b a s e d  o n  c h e m i c a l  a n a l y s e s  a n d  s y n t h e s i s  o f  t h e  a n a l -  
y z e d  d a t a .  H i g h e s t  p r o b a b l e  a q u i f e r  or s u b s u r f a c e  t e m -  
p e  r a t u r e s  w h i c h  m i g h t  b e  e n c o u n t e r e d  by d r i l l i n g  f o r  t h e s e  
w a t e r s  would  seem t o  be 800C r e p r e s e n t e d  by t h e  q u a r t z  
m i x i n g  mode l  1 ( t a b l e  3 ,  column T 8 )  f o r  we l l  5s-34E-26dabl .  
L o w e s t  p r o b a b l e  t e m p e r a t u r e  f o r  t h i s  t h e r m a l  w a t e r  would  b e  
r e p r e s e n t e d  by t h e  s u r f a c e  d i s c h a r g e  t e m p e r a t u r e  o f  t h e  same 
we l l ,  i . e .  , 41°C. The most l i k e l y  t e m p e r a t u r e  t o  b e  a n t i c i -  
p a t e d  by d e e p e r  d r i l l i n g  may b e  r e p r e s e n t e d  by t h e  q u a r t z  
c h e m i c a l  g e o t h e r m o m e t e r  f o r  t h i s  wel l  a t  63OC. 

F u r t h e r  g e o c h e m i c a l  s t u d i e s  s h o u l d  c o l l e c t  more c h e m i c a l  
i n f o r m a t i o n  f o r  w e l l s  f r o m  w h i c h  samples were n o t  o b t a i n e d  
f o r  t h i s  s t u d y .  A f u r t h e r  a t t e m p t  a t  h y d r o g e n - d e u t e r i u m  a n d  
o x y g e n  18-oxygen 1 6  i s o t o p e  s a m p l e  c o l l e c t i o n  s h o u l d  b e  made 
t h r o u g h  w e l l  h e a d  access p o r t s  i n s t a l l e d  t o  minimi.ze m i x i n g  
o f  w a t e r  w i t h  a t m o s p h e r i c  g a s s e s .  T h e s e  d a t a  c o u l d  s h e d  
more  l i g h t  o n  m i x i n g  p r o b a b i l i t y  o f  t h e r m a l  a n d  n o n t h e r m a l  
w a t e r ,  f u r t h e r  d e f i n e  t h e  l i m i t s  o f  t h e r m a l  w a t e r  o c c u r r e n c e  
i n  t h e  Tyhee  a r e a ,  a n d  may i n d i c a t e  p o s s i b l e  r e c h a r g e  a r e a s  
f o r  b o t h  t y p e s  o f  w a t e r .  T h i s  i n f o r m a t i o n  is  u n o b t a i n a b l e  
f r o m  e x i s t i n g  d a t a  a n d  would  b e  n e c e s s a r y  f o r  a d e q u a t e  
a s s e s s m e n t  a n d  r e g u l a t i o n  o f  t h e  r e s o u r c e  s h o u l d  l a r g e  s c a l e  
w i t h d r a w a l  o f  g e o t h e r m a l  w a t e r s  i n  t h e  a r e a  b e  a t t e m p t e d .  



OTHER METHODS OF INVESTIGATION 

GEOTHERMAL GRADIENT A N D  HEAT FLOW 

A l t h o u g h  n o t  e x t r e m e l y  r e l i a b l e  a s  p r e d i c t o r s  o f  
d r i l l i n g  d e p t h s ,  g e o t h e r m a l  g r a d i e n t  m e a s u r e m e n t s  h a v e  b e e n  
u s e d  i n  g e o t h e r m a l  i n v e s t i g a t i o n s  t o  e s t a b l i s h  b o u n d a r y  con-  
d i t i o n s  o r  p o s s i b l e  l i m i t s  t o  w h i c h  o n e  m i g h t  r e a s o n a b l y  
e x p e c t  w a t e r  t o  b e  c i r c u l a t i n g .  T h e r e f o r e ,  t e m p e r a t u r e  g r a -  
d i e n t  m e a s u r e m e n t s  were made i n  s e v e n  u n u s e d  wells i n  t h e  
Tyhee  a n d  a d j a c e n t  a r e a s .  T h e s e  wel ls  r a n g e d  i n  d e p t h  f r o m  
30 t o  230 m .  L o c a t i o n s  o f  f o u r  o f  t h e  s e v e n  h o l e s  are shown 
o n  f i g u r e  1 5 .  The m e a s u r e d  g r a d i e n t s  are shown i n  f i g u r e s  
1 6  t h r o u g h  22.  A s  s e e n  f r o m  t h e  f i g u r e s ,  t h e  t e m p e r a t u r e  
g r a d i e n t s  are n o t  c o n s i s t e n t  and  a re  too v a r i a b l e  to  d e t e r -  
m i n e  a n  e x t r e m e l y  r e l i a b l e  o v e r a l l  t e m p e r a t u r e  g r a d i e n t s  f o r  
t h e  T y h e e  a r e a .  The t e m p e r a t u r e  g r a d i e n t s  r a n g e  f r o m  n e a r l y  
i s o t h e r m a l  ( f i g u r e  2 2 )  t o  a  maximum o f  190°C/km. Most  g r a -  
d i e n t s  were a b o v e  n o r m a l  (33OC/km). F o u r  o f  t h e  s i x  w e l l s  
f r o m  w h i c h  g r a d i e n t s  were o b t a i n e d  e x h i b i t e d  a lower g r a -  
d i e n t  i n  t h e  u p p e r  s e c t i o n  o f  t h e  w e l l  a n d  a  g r a d i e n t  o f  
g r e a t e r  m a g n i t u d e  i n  t h e  d e e p e r  p a r t s  o f  t h e  w e 1 1  b o r e  
( E i g u r e s  1 6 ,  1 7 ,  1 8  t h r o u g h  2 0 ) .  T h i s  c o u l d  b e  d u e  t o  o n e  
o r  n o r e  o f  s e v e r a l  e f f e c t s  i n c l u d i n g  t h e r m a l  c o n d u c t i v i t y  
c h a n y e s  o f  t h e  u n d e r l y i n g  s e d i m e n t s  and  r o c k ,  v e r t i c a l  o r  
l a t e r a l  g r o u n d w a t e r  movement,  t o p o g r a p h i c  e f  f e c t s ,  s e a s o n a l  
f l u c t u a t i o n s  a n d / o r  i r r i g a t i o n  p r a c t i c e s .  The most r e a s o n -  
a b l e  g r a d i e n t  a p p e a r s  to  b e  a b o u t  60°C/kn g i v e n  i n  t h e  b o t -  
tom p o r t i o n s  o f  two wells shown i n  f i g u r e s  1 6  a n d  1 8  
( 5 s - 3 5 C - 3 0 a a b l  a n d  5 s - 3 4 E - 3 6 d a c l ) .  

The  g r e a t e r  r e l i a b i l i t y  o f  h e a t - f l o w  m e a s u r e m e n t s  o v e r  
s i m p l e  t e m p e r a t u r e - g r a d i e n t  m e a s u r e m e n t s  or c a l c u l a t i o n s  i n  
a s s e s s i n g  a n  a r e a ' s  g e o t h e r m a l  p o t e n t i a l  is  w e l l  known. The 
g e o t h e r m a l  g r a d i e n t  may b e  v i e w e d  as t h e  p o t e n t i a l  
d i f f e r e n c e  b e t w e e n  t h e  e a r t h ' s  d e e p e r  l a y e r s  a n d  t h a t  f o u n d  
a t  t h e  s u r f a c e ,  a n d  is d e p e n d e n t  o n  t h e  a b i l i t y  o f  t h e  
i n t e r v e n i n g  r o c k  l a y e r s  to c o n d u c t  h e a t  ( t h e r m a l  
c o n d u c t i v i t y ) .  Heat f l o w  m e a s u r e m e n t s  t a k e  t h i s  t h e r m a l  
c o n d u c t i v i t y  i n t o  a c c o u n t ,  a n d ,  t h e r e f o r e ,  a re  u n i f o r m  w i t h  
d e p t h ,  w h i l e  a b r u p t  and  s o m e t i m e s  l a r g e  v a r i a t i o n s  i n  
g e o t h e r m a l  g r a d i e n t  o c c u r  w i t h  d e p t h  d u e  t o  c h a n g e s  i n  
t h e r m a l  c o n d u c t i v i t y .  A h i g h  h e a t  f l o w ,  t h e r e f o r e ,  may 
i n d i c a t e  t h e  p r e s e n c e  o f  a n  i n t e n s e  h e a t  s o u r c e  ( r e g i o n a l  o r  
l o c a l )  i n  t h e  s u b s u r f a c e ,  w h i l e  a  h i g h  g e o t h e r m a l  g r a d i e n t  
may o n l y  r e f l e c t  a lower t h e r m a l  c o n d u c t i v i t y .  

A l t h o u g h  t h e  t h e r m a l  c o n d u c t i v i t y  o f  t h e  i n t e r v e n i n g  
r o c k  l a y e r s  i n  t h e  T y h e e  a r e a  is n o t  e x a c t l y  known, r e a s o n -  
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FIGURE 1 6 .  T e m p e r a t u r e  d e p t h  d i a g r a m  fo r  w e l l  5 s - 3 5 E - 3 0 a a b l .  
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FIGURE 1 7 .  T e m p e r a t u r e  d e p t h  d i a g r a m  f o r  w e l l  6 s -34E-2cdc l .  
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Temperature O C 
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Temperature depth diagram for well 5s-34E-36dacl .  
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FIGURE 1 9 .  T e m p e r a t u r e  d e p t h  d i a g r a m  f o r  w e l l  5 s -34E-26dcc l .  
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FIGURE 20. Temperature depth diagram for well 6s-35E-18cadl. 

- 4 4 -  



Temperature * C  

5 10 15 2 0 25 30 3 5 

F I G U R E  2 1 .  T e m p e r a t u r e  d e p t h  d i a g r a m  f o r  w e l l  5 s - 3 4 E - 2 5 c c c l .  
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F I G U R E  2 2 .  Tempera ture  d e p t h  diagraln f o r  w e l l  6s -35E-18cbbl .  
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a b l e  h e a t  f l o w  a s s u n i p t i o n s  c a n  be made by s i m p l y  knowing t h e  
l i m i t s  o f  t h e r m a l  c o n d u c t i v i t y  o f  t h e  t y p e s  o f  r o c k s  f o u n d  
i n  t h e  a r e a .  F o r  e x a m p l e ,  u n c o n s o l i d a t e d ,  p o o r l y  s o r t e d  
s a n d s  a n d  g r a v e l s  u s u a l l y  e x h i b i t  a t h e r m a l  c o n d u c t i v i t y  i n  
t h e r m a l  c o n d u c t i v i t y  u n i t s  (TCU) b e t w e e n  2.0 a n d  5.0 m i c r o -  
c a l o r i e s  p e r  s q u a r e  c e n t i m e t e r s  p e r  s e c o n d  u c a l / c m 2 s e c  
g i v i n g  a  h e a t  f l o w ,  i n  h e a t  f l o w  u n i t s  (HFU),  o f  f r o m  
60°C/km x 2 .0  TCU = 1 . 2  .uca l / cm2sec  ( 1 . 8  HFU) a s  a  lower 
l i m i t  a n d  603C/km x  5  TCU - 3 HFU as  a n  u p p e r  l i m i t .  A h e a t  
f l o w  o f  3 H F U  would  b e  twice t h a t  which  is c o n s i d e r e d  n o r m a l  
( 1 . 5  HFU) f o r  m o s t  o f  t h e  U n i t e d  S t a t e s ,  b u t  w h i c h  a p p e a r s  
t o  b e  t y p i c a l  o f  t h e  m a r g i n s  o f  t h e  S n a k e  R i v e r  P l a i n  r e g i o n  
( B r o t t  a n d  o t h e r s ,  1 9 7 6 ) .  A h e a t  f l o w  o f  t h i s  m a g n i t u d e  
would  mean t h e  h o t t e s t  t h e r m a l  water (41°C) would  h a v e  t o  
c i r c u l a t e  t o  a  d e p t h  o f  a b o u t  1 0 0 0  m o r  1 km i n  t h i s  a r e a ,  
The c a u s e  o f  t h i s  h e a t  f l o w  is p r e s e n t l y  n o t  known. 
S p e c u l a t i o n s  a r e  a c r u s t a l  h e a t  s o u r c e ,  a  m a n t l e  h e a t  s o u r c e  
d u e  t o  c r u s t a l  t h i n n i n g  o r  c o n v e c t i v e  h e a t  t r a n s f e r  a l o n g  
f r a c t u r e  z o n e s  d u e  t o  u p w e l l i n g  a n d  l a t e r a l  s p r e a d  o f  
t h e r m a l  w a t e r .  

LMJDSAT IMAGERY 

L a n d s a t  i m a g e r y ,  e n h a n c e d  by t h e  USGS E a r t h  R e s o u r c e s  
O b s e r v a t i o n  S y s t e m s  (EROS) d a t a  c e n t e r ,  a t  sca le  o f  
1 : 1 , 0 0 0 , 0 0 0 ,  1 : 5 0 0 , 0 0 0 ,  1 : 2 5 0 , 0 0 0 ,  was u s e d  to  a u g m e n t  
s t r u c t u r a l  i n t e r p r e t a t i o n s  o b t a i n e d  by g r a v i t y ,  m a g n e t i c ,  
a n d  w e l l  l o g  d a t a  w i t h i n  t h e  s t u d y  a r e a .  L i n e a r  f e a t u r e s  
o b s e r v e d  o n  t h e s e  f a l s e  c o l o r  i n f r a r e d  i m a g e s  a r e  shown on 
f i g u r e  2 3 .  

I n t e r p r e t a t i o n  o f  s t r u c t u r e  f r o m  t h e  g r a v i t y ,  m a g n e t i c s ,  
a n d  l i t h o l o g y  f r o m  w e l l  l o g s  a g r e e  somewhat  w i t h  l i n e a r  d a t a  
f r o m  t h e  L a n d s a t  d i g i t a l  i m a g e r y .  However,  t h e  p r o n o u n c e -  
m e n t  o f  a l i n e a r  or o n e  t r e n d  o f  l i n e a r s  v e r u s  a n o t h e r  o n  
t h e  i m a g e r y  c a n  b e  t h e  r e s u l t  o f  many f a c t o r s ,  i n c l u d i n g  
c u l t u r a l  t r e n d s ,  r o c k - t y p e ,  v e g e t a t i o n ,  d e p o s i t i o n a l  
f e a t u r e s ,  t i m e  o f  d a y  o r  y e a r  t h e  image was o b t a i n e d  a n d  
p r o c e s s  p a r a i n e t e r s  s e l e c t e d  i n  o b t a i n i n g  a h a r d  c o p y  o f  t h e  
image.  

A l t h o u g h  t h e  n o r t h - s o u t h  f a u l t  ( i n f e r r e d  f r o m  g r a v i t y  
d a t a )  is  t h o u g h t  to  b e  y o u n g e r  t h a n  t h e  n o r t h - w e s t  t r e n d i n g  
f a u l t ,  ( a l s o  i n f e r r e d  by g r a v i t y  d a t a ) ,  no  e v i d e n c e  o f  t h e  
e x i s t e n c e  o f  t h e  n o r t h - s o u t h  i n f e r r e d  f a u l t  c o u l d  b e  s e e n  o n  
L a n d s a t  i m a g e r y  w h i l e  a  n o r t h w e s t  t r e n d i n g  l i n e a r  ( L l ,  
f i g u r e  2 3 )  d o e s  show on t h e  L a n d s a t  images  e x a c t l y  w h e r e  t h e  
n o r t h w e s t  f a u l t  is i n f e r r e d  a t  t h e  s u r f a c e .  T h i s  n o r t h w e s t  
l i n e a r  e x t e n d s  somewhat  d i s c o n t i n u o u s l y  a c r o s s  t h e  P o c a t e l l o  
Range i n t o  t h e  l o w e r  r e a c h e s  o f  R a p i d  ( R a b b i t )  C r e e k  n o r t h  
o f  Inkom a n d  t o  t h e  P o r t n e u f  Range where  it becomes 
i n d i s t i n g u i s h a b l e  n e a r  t h e  b a s e  o f  t h e  P o r t n e u f  Range.  T h i s  





l i n e a r  a p p r o x i m a t e l y  c o r r e s p o n d s  t o  a n  a r c u a t e  t r e n d  o f  
r e g u l a r l y  s p a c e d  t h e r m a l  s p r i n g s  f i r s t  n o t e d  by M i t c h e l l  a n d  
o t h e r s  ( 1 9 8 0 ,  p.  21-22) w h i c h  c o n n e c t s  t h e  Tyhee  area w i t h  
P o r t n e u f  R i v e r  Warm S p r i n g s  a n d  S t e a m b o a t  S p r i n g s  i n  C a r i b o u  
C o u n t y .  A s o u t h w e s t  t r e n d i n g  l i n e a r  ( L 3 ,  f i g u r e  2 3 )  e x t e n d s  
a c r o s s  t h e  s t u d y  a r e a  a n d  is  f o u n d  t o  c o i n c i d e  w i t h  a  f a u l t  
mapped by T r i r n b l e  ( 1 9 7 6 )  i n  t h e  P o c a t e l l o  Range t o  t h e  e a s t  
o f  t h e  s t u d y  area. 

The o t h e r  l i n e a r s  shown on f i g u r e  5 c o i n c i d e  w i t h  no  
known g r a v i t y ,  m a g n e t i c  o r  l i t h o l o g i c  p r o n o u n c e d  f e a t u r e s  
d e r i v e d  f r o m  wel l  l o g  d a t a .  Some l i n e a r s  ( L 2 ,  L3 a n d  L q )  
d o ,  h o w e v e r ,  seem t o  b e  a s s o c i a t e d  w i t h  smal l  o u t c r o p p i n g s  
o f  T r i m b l e ' s  ( 1 9 7 6 )  High L e v e l  (Lower  P l e i s t o c e n e  a n d  Upper  
P l i o c e n e )  B a s a l t .  



SYNOPSIS 

CONCLUSIONS 

The m a r g i n a l  p o s i t i o n  o f  t h e  T y h e e  a r e a  t o  two s t r u c -  
t u r a l  p r o v i n c e s  ( S n a k e  R i v e r  P l a i n  a n d  B a s i n  a n d  Range)  
s u g g e s t e d  t o  t h e  a u t h o r s  t h a t  g e o l o g y  i n  t h e  a r e a  m i g h t  be 
somewhat  complex.  T h i s  h a s  b e e n  shown t o  b e  c o r r e c t .  
G r a v i t y  and  m a g n e t i c  d a t a  i n d i c a t e  t h a t  t h e  S n a k e  R i v e r  
P l a i n  m a r g i n  may c o n s i s t  o f  f a u l t  d i s l o c a t i o n s  as wide  a s  
2 . 5  km and  is p r o b a b l y  l o c a t e d  f u r t h e r  west t h a n  o r i g i n a l l y  
b e l i e v e d .  G r a v i t y  d a t a  i n d i c a t e  c o n c e a l e d  n o r t h - s o u t h  n o r -  
mal f a u l t i n g  s e p a r a t i n g  b e d r o c k  o f  t h e  Bannock Range t o  t h e  
e a s t  f rom s imi l a r  materials  o v e r l a i n  by u n c o n s o l i d a t e d  s e d i -  
i n e n t s  on  t h e  down-dropped s i d e .  T h i s  is i n t e r p r e t e d  t o  be a 
m a j o r  s t r u c t u r e  o f  t h e  S n a k e  P l a i n  b o u n d a r y  f a u l t  z o n e .  
S i m i l a r  f a u l t i n g ,  b u t  a p p a r e n t l y  o l d e r  a n d  o f  lesser magni-  
t u d e  i n t e r s e c t s  t h e  n o r t h - s o u t h  s t r u c t u r e  n e a r  t h e  c e n t e r  o f  
t h e  a r e a .  S h a l l o w  wel ls  d r i l l e d  i n  t h e  p e d i m e n t  a l s o  i n d i -  
c a t e  a  n o r t h w e s t - s o u t h e a s t  f a u l t  i n  t h e  p o s i t i o n  o f  t h e  
g r a v i t y  i n f e r r e d  f a u l t .  L a n d s a t  i m a g e r y  a l so  i n d i c a t e s  t h e  
p r e s e n c e  o f  t h e  s o u t h w e s t - n o r t h e a s t  f a u l t  by a l i n e a r  
f e a t u r e  t r e n d i n g  t h r o u g h  t h e  a r e a .  

Hot  w a t e r  d i s c o v e r e d  by w e l l  d r i l l i n g  a n d  a f o r m e r  t h e r -  
m a l  s p r i n g  a p p e a r  t o  b e  b o t h  s p a t i a l l y  a n d  g e n e t i c a l l y  
r e l a t e d  t o  t h e  i n t e r s e c t i o n  o f  t h e  a b o v e  m e n t i o n e d  f a u l t s .  
T h e  q u a r t z  c h e m i c a l  g e o t h e r m o m e t e r  a n d  a m i x i n g  model  i n d i -  
c a t e  t h a t  t h e r m a l  w a t e r  e q u i l i b r a t e d  l a s t  i n  a n  a q u i f e r  o r  
f a u l t  s t r u c t u r e  a t  a  t e m p e r a t u r e  o f  b e t w e e n  6 3  a n d  80°C. 
G e o t h e r m a l  g r a d i e n t  m e a s u r e m e n t s  i n d i c a t e  a g r a d i e n t  o f  
6o0c/krn a n d  s p e c u l a t i v e  t h e r m a l  c o n d u c t i v i t y  v a l u e s  i n d i c a t e  
h e a t  f l o w  o f  f r o m  1 . 2  t o  3.0 K F U  w i t h  a  p r o b a b l e  v a l u e  o f  
a b o u t  3  H F U  f o r  t h e  a r e a .  T h i s  would  i n d i c a t e  d r i l l i n g  
d e p t h s  o f  a b o u t  1 0 0 0  m f o r  63OC t e m p e r a t u r e .  

RECOMMENDATIONS 

A s  f a u l t  i n t e r s e c t i o n s  a p p e a r  t o  be t h e  most f a v o r a b l e  
t a r g e t  t o  p r o d u c e  t h e  h o t t e s t  w a t e r  i n  t h i s  a r e a ,  i t  would  
b e  h i g h l y  d e s i r a b l e  to  d e t e r m i n e  t h e  e x a c t  l o c a t i o n  a n d  
a t t i t u d e s  o f  f a u l t s  i n  t h e  a r e a  b e f o r e  a d e e p  d r i l l i n g  
p r o g r a m  i s  begun.  

S e i s m i c  s u r v e y  - r e f l e c t i o n  a n d  r e f r a c t i o n  - a r e  n o t  
l i k e l y  t o  g i v e  good  r e s u l t s  i n  t h e  v e r y  s h a l l o w  s u b s u r f a c e  
w h e r e  d a t a  is m o s t  n e e d e d  b u t  m i g h t  i n d i c a t e  d e e p e r  s t r u c -  
t u r e s  a n d  s h e d  more  l i g h t  o n  t h e  n a t u r e  o f  t h e  b a s i n  a n d  
r a n g e  - S n a k e  R i v e r  P l a i n  b o u n d a r y .  



E l e c t r i c a l  p r o s p e c t i n g  methods  s u c h  a s  s p o n t a n e o u s  
p o l a r i z a t i o n  r e s i s t i v e  o r  t e l l u r i c  c u r r e n t  f i e l d s  m i g h t  g i v e  
good  r e s u l t s  i n  t h e  s h a l l o w  s u b s u r f a c e  i n  t h e  a r e a .  
M a g n e t o t e l l u r i c  or a u d i o m a g n e t i c  t e l l u r i c  p r o s p e c t i n g  would  
h a v e  a n  a d d e d  a d v a n t a g e  o f  d e e p  p e n e t r a t i o n  a s  w e l l ,  a n d  are  
p r o b a b l y  t h e  l e a s t  c o s t l y  o f  t h e  g e o p h y s i c a l  s u r v e y s  w h i c h  
c o u l d  b e  r u n .  

M o n i t o r i n g  h o l e s  s h o u l d  b e  d r i l l e d  a n d  a q u i f e r  t e s t s  
c o n d u c t e d  t o  d e t e r m i n e  a q u i f e r  c h a r a c t e r i s  t i c s ,  a n d  
p o s s i b i l i t i e s  o f  w e l l  i n t e r f e r e n c e  s h o u l d  more t h e r m a l  wel ls  
b e  d r i l l e d  i n  t h e  a r e a .  The m o n i t o r i n g  h o l e s  would  a l s o  b e  
v a l u a b l e  t o  more a d e q u a t e l y  d e t e r m i n e  s t r u c t u r a l  a n d  s t r a t -  
i g r a p h i c  c o n t r o l s  on  t h e r m a l  a n d  n o n t h e r m a l  w a t e r  i n  t h e  
a r e a .  

H y d r o g e n - d e u t e r i u m  a n d  o x y g e n  18-oxygen 1 6  i s o t o p e  
r a t i o s  f ro in  b o t h  t h e r m a l  a n d  n o n t h e r m a l  water i n  t h e  a r e a  
a n d  a d j a c e n t  a r e a s  s h o u l d  b e  r u n  t o  i n d i c a t e  o r i g i n  o f  t h e  
t h e r m a l  w a t e r s .  T h e s e  t e s t s  would  b e  i m p o r t a n t  s h o u l d  l a r g e  
s c a l e  w i t h d r a w a l  o f  t h e r m a l  w a t e r  b e  a t t e m p t e d .  
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APPENDIX 





TABLE 1 

DATA REDUCTION AND GRAVITY CORRECTIONS 
GRAVITY SURVEY - TYHEE AREA 

BANNOCK COUNTY 

D i a l  D i v i s i o n s  E l e -  B o u q u e r  L a t i t u d e  C o r r e c t e d  T e r r a i n  
S t a t i o n  T i m e  A v e r a g e  C o r r e c t e d  v a t i o n  C o r r e c t i o n  C o r r e c t i o n  t h r o u g h  C o r r e c -  
N u m b e r  R e a d  R e a d i n g  f o r  D r i f t  M i l l i g a l s  ( f e e t )  ( = 2.0) ( 4 3  00) L a t i t u d e  t i o n  G 

O c t o b e r  

4460 
4491 
4458 
4479 
447 1 
4470 
-- 

4473 
4470 
4460 -- 
4465 
4473 
4462 
4474 
-- 

4463 
4459 
4490 
-- 

O c t o b e r  

4460 



Table  1. Data Reduction and G r a v i t y  C o r r e c t i o n s  ( c o n t i n u e d )  

--- 
~ia l  D i v i s i o n s  Ele - Bouquer L a t i t u d e  C o r r e c t e d  T e r r a i n  

S t a t i o n  Time Average C o r r e c t e d  v a t i o n  C o r r e c t i o n  C o r r e c t i o n  through Correc-  
Number Read Reading f o r  D r i f t  M i l l i g a l s  ( f e e t )  ( = 2.0) ( 4 3  00) L a t i t u d e  t i o n  G 

October 29, 1978 ( c o n t ' d .  ) 

November 2,  1978 



November 5, 1978 

180.46 4460 198.28 
(S ta t ion  mved and reading not 

-- -- -- 
147.09 5080 207.41 
141.37 5157 206.96 
141.05 5178 208.08 
147.96 5065 207.25 
145.43 5094 206.70 
155.63 4947 206.83 

-- - - -- 

4.56 

used) 
-- 

3.91 
4.56 
5.22 
5.87 
6.52 
6.52 
-- 

November 7, 1978 



Table  1. Data Reduction and Grav i ty  Co r r ec t i ons  ( con t i nued )  

- ~~ 

Dia l  Div i s ions  Ele- Bouquer ' L a t i t u d e  Cor rec ted  T e r r a i n  
S t a t i o n  Time Avfrage Cor rec ted  va t i on  Cor r ec t i on  Cor r ec t i on  through Correc- 
Number Read Reading f o r  D r i f t  M i l l i g a l s  ( f e e t )  ( = 2.0) ( 4 3  00) L a t i t u d e  t i o n  G 

November 7 ,  1978 ( c o n t ' d .  ) 

November 11, 1978 



November 



Table  1. Data Reduct ion and G r a v i t y  C o r r e c t i o n s  ( c o n t i n u e d )  

D i a l  D i v i s i o n s  
S t a t i o n  Time Average C o r r e c t e d  
Number - Read - 

4:OO 
4:35 

10 :45 
11 :40 
12:15 
12 :50 

1 :10 
2 :25 
2:40 
2 :55 
3:15 
3 :45 

10 :oo 
10 :25 
10 :32 
10 :55 
11:47 
12:oo 
12:13 
12:25 
12 :55 

Ele- Bouquer L a t i t u d e  C o r r e c t e d  T e r r a i n  
v a t i o n  C o r r e c t i o n  C o r r e c t i o n  through Correc- 

Reading f o r  D r i f t  M i l l i g a l s  ( f e e t )  ( = 2.0) ( 4 3  00)  L a t i t u d e  t i o n  G 

November 14, 1978 ( c o n t ' d . )  

November 16, 1978 

November 21, 1978 



December 12, 1978 

January 3 0 ,  1979 



Table  1. Data Reduction and Grav i ty  Co r r ec t i ons  ( con t i nued )  

Dia l  Div i s ions  E l e -  Bouguer L a t i t u d e  Cor rec ted  T e r r a i n  
S t a t i o n  Time Average Cor rec ted  va t i on  Cor r ec t i on  Cor r ec t i on  through Correc- 
Number Read Reading f o r  D r i f t  M i l l i g a l s  ( f e e t )  ( = 2.0) ( 4 3  00) L a t i t u d e  t i o n  G 

January 30, 1979 ( con t i nued )  

March 27, 1979 

* I n d i c a t e s  d u p l i c a t e  s t a t i o n  reading. 
* *  S t a t i o n  no t  p r e c i s e l y  l o c a t e d  on second reading.  



T A B L E  2 

GEOTHERMAL G R A D I E N T  DATA F O R  P O C A T E L L O - T Y H E E  AREA 

D e p t h  T e m p e r a t u r e  D e p t h  T e m p e r a t u r e  
( M e t e r s )  OC ( M e t e r s )  OC 

W e l l  5 s - 3 5 E - 3 0 a a b l  

W e l l  6 s - 3 4 E - 2 c d c l  



T a b l e  2 .  G e o t h e r m a l  G r a d i e n t  Data f o r  P o c a t e l l o -  
T y h e e  A r e a  ( c o n t ' d . )  

D e p t h  T e m p e r a t u r e  D e p t h  T e m p e r a t u r e  
( M e t e r s )  OC (Meters) OC - 

Well 5s -34E-36dac l  

Well 5s -34E-26dcc l  

Well 6s -35E-18cadd l  



Table 2 .  Geothermal Grad ien t  Data f o r  Poca t e l l o -  
Tyhee Area ( c o n t ' d .  ) 

-- -- -- 
~ e p t F  Temperature Dep t h  Temperature 

(Meters )  O C (Mete rs )  -- Oc 

Well 5s-34E-25cccl 

Well 6s-35E-18cbbl 




